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Section 1. Scope

1.1 Overview

This specification establishes the architectural, operational, functional, performance,
maintenance, and installation requirements for the White Sands Complex (WSC) for the TDRS
H, I, J Era. Appendix M is the technical requirements specification for the functional,
operational, interface, and performance requirements for the changes to the WSC to
accommodate TDRS H, |, J spacecraft and user services. The requirements of this document,
except Appendix M, are applicable to the extent that they are referenced in Appendix M, 405-
TDRS-RP-SY-001 and the Statement of Work for re-verification of the WSC. As used in this
specification, the WSC consists igfo-threeground terminals: the Danzante Ground Terminal
andthe Cacique Ground Terminahd the Guam RemoferoundTerminal (GRGT). Danzang¢

and Cacique are independently operated ground terminals. GRGT is a Space-to-Grouhd Link
Terminal (SGIT) extended from and operated remotely the Cacique Ground Terminaln
addition, the requirements for system software, Reliability/Maintainability/Availability (R/M/A),
design and construction, sparing, documentation, security, and training for the WSC are
specified. The WSC shall process and provide the required levels of protection for Department
of Defense (DoD) classified information.

The Requirements Specification for the WSC is traceable to the Phase Il Requirements
Specification for the STGT Ground Terminal (P-01) through DCN-17. The STGT was renamed
"Danzante" upon becoming operational in December 1994. The major modifications were to:

a. Change most occurrences of "STGT" to "WSC" (the titles of applicable and reference
documents did not necessarily change).

b. Delete Appendix D (OSIR), and replace it with a reference to the 405-TDRS-RP-ICD-
001.

c. Incorporate as-built changes implemented by the WSC Maintenance and Operations
(M&O) contractor after station acceptance (i.e., 1000-series STGT CCRS).

d. Change all occurrences of "TOCC2" to "TOCC".

e. Change most occurrences of "White Sands Ground Terminal", "WSGT", and "NGT" to
"Cacique Ground Terminal" or "the other WSC Ground Terminal”.

f. Change all occurrences of "WSGTU/NGT interface”, "NGT interface", "inter-facility
link", and "IFL" to "inter-terminal interface".

Change all occurrences of "WSGTU/NGT mux/demux” to "inter-terminal mux/demux”.

Change all occurrences of SGLT-1", "SGLT-2", and "SGLT-3" to remove the SGLT
number.
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i. Add additional requirements for TDRS H, I, J.

The WSCis will-be-an additional element of the National Aeronautics and Space Administr'altion
(NASA) Space Network (SN). The SN is a NASA resource for providing tracking, telemetry,
and command (TT&C) support for low-earth orbiting satellites via geostationary space relay.
The SN includes the Tracking and Data Relay Satellite System (TDRSS), control facilities at the
Network Control Center (NCC) located at the Goddard Space Flight Center (GSFC), and NASA
Communications Network (NASCOM). The TDR&8}-contairs a space segment constellatibn
consisting of TDRS F1 through F7 spacecraft, and TDRS H, |, J spacecraft. The WSC
constitutes the ground segment of the TDRSS. Figure 1-1 illustrates the relationship of the WSC
to the TDRSS and to the other elements of the SN. The WSC will provide, in conjunction with
the TDRSS, forward (ground-to-space) and return (space-to-ground) communication services
and tracking services for SN user satellites and will perform TT&C functions for the TDRSs.

The Danzante and Cacigue Ground Terminals are located in goverfatiéties on theNASA
White Sands Test Facility (WSTF), New Mexico. The GRGT s located in goverfecdiies
at the Naval Computer and Telecommunications Area MasteoiStAICTAMS), Guam.

1.2 Objective

The objective of the WSC is to provide a minimum life-cycle-cost, operator-friendly capability
for providing SN users with TDRS telecommunication and tracking services with high
operational availability, failsoft operations, improved performance, and improved
maintainability. This objective is to be attained by the application of relevant state-of-the-art
hardware and software technologies, innovative design approaches, and utilization of
automation.

1.3 Requirements

minals

ich W i i & ctions
fepasagnediDRSsThe requwements of thIS Snecmcatlon are for three Ground Termlmals
Danzante, Cacique, andR&T. Danzante shall contain threetonomousSGLTs, Caciqushall
contain two autonomous $&s, and GRGT shall contain a single SGLT all capable| of
providing user forwardreturn andtracking services. Each-of-the-thredhe SGLTs in each
Ground Terminal shall be capable of supportisg+services-antiT&C functionsfor assigned
TDRS F1-F7 spacecraft; two SGLTs in edzainzanteand Caciquegrethd-terminalshall be
capable of supportingser-servicesantiT&C_functionsfor TDRS H, |, J spacecraft. Two
SGLTs in eactDanzante and Cacigugound-terminashall also be capable of supporting the
operations of: 1) a TDRS H, I, J spacecraft collocated with another TDRS H, I, J spacecraft, and
2) a TDRS H, I, J spacecraft collocated with a TDRS F1-F7 spacecratft.
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A modular approach to hardware and software implementation shall be employed in a manner
which permits changes and enhancements during the operational phase, with minimum changes
in existing hardware and software and minimum impact to on-going support operations. Signal
and data processing functions, performance monitoring, and fault detection and isolation
capabilities shall be designed and implemented in accordance with the architectural, operational,
functional, and performance requirements specified herein. The WSC shall operate year-round,
24 hours a day.

Each SGLT shall receive NCC schedule and operations messages and user data from the Data
Interface System (DIS), shall transmit user data for forward transmission to the user spacecraft
via an assigned TDRS, shall receive user spacecraft return data via the same TDRS, and shall
send return data to users via the DIS and user tracking data to GSFC and Johnson Space Center
(JSC), and the Local Interface (LI) via the DIS. Each SGLT shall perform TDRS TT&C
functions to provide SGLT/user spacecraft RF communication links, to monitor the health and
status of the TDRS, and to control the position, attitude, and configuration of the TDRS.

Each SGLT shall provide:
a. Two S-band single access (SSA) forward links.
b. Two SSA return links.
c. Two Ku-band single access (KSA) forward links (dikee SGLTs per-Greund

TFermina), or one KSA forward link and one Ka-band single access (KaSA) foryard

link (two SGLTs at each Danzante and Cacique @htite-three-SGLTsper-Groun
Terminal-only), or two KaSA forward links (tw&GLTs at each Danzante and Cacidque

onlyof the three SGLTs per Ground Terminal gnly
d. Two KSA return links (allitree SGLTsper-Ground-TFerminglor one KSA return link
and one KaSA return link (twBGLTs at each Danzante and Cacique @htize-three

SGLTsper-Ground-TFerminal-of|yor two KaSA return linkstyvo SGLTs at each
Danzante and Cacique otp-of the-three- SGLTs perGround-Terminal-gnly

One Ku-band TDRS command and ranging uplink channel.

One Ku-band TDRS telemetry and ranging downlink channel.
Two-way range and one-way and two-way Doppler measurements for user spacecratft.

Sa ™o

One TDRS pilot tone uplink (for F1-F7 support only).
One multiple access (MA) forward and five MA return links (t&%GLTs at each

Danzante and Cacique oahthe-three-SGLTsper-Ground-Terminal-gnly
. One MA forward and twdJA returnlinks at GRGT

Danzante andCacique eachheWSEC shall contain an S-band TDRS TT&C capability
independent of the SGLTsEach-\WSCIn addition, Danzante and Cacique edstound
Ferminalshall include a DIS which shall provide an interface between the WSC and NASCOM.
Distribution of voice, teletype, and facsimile within the WSC facility and between the WSC and
other NASA facilities will be provided by a Government-furnished Intrasite/Intersite

Communications System (ICS). An autonomous capability (the Software
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Maintenance and Training Facility (SMTF)) shall be provided at the Danzante Ground Terminal
for the development, enhancement, and maintenance of system software and training of
operations and maintenance personnel. A Hardware Maintenance Depot (HMD) shall also be
provided at the Danzante Ground Terminal for the repaW8&IC hardwareat-both-Ground
Terminals

The Ground Terminals shall be compatible with existing TDRSs and shall have the flexibility for
upgrade to meet changing NASA requirements. The MA, SSA, and KSA forward and return
link service equipment and tracking service equipment specified herein shall be consistent with
the services defined in 530-SNUG, Space Network (SN) User's Guide, for TDRS F1-F7.

The Ground Terminals communicate with the NCC, the Flight Dynamics Facility (FDF), JSC
Mission Control Center (MCC), and Project Operations Control Centers (POCCs) and Ground
Spaceflight Tracking and Data Network (GSTDN) facilities, via the DIS, for the interchange of
user data, tracking data, and operational messages. The requirements of this specification are for
two ground terminals operating with Tracking and Data Relay Satellites, Flight F-1 through F-6.
The RF interfaces with a TDRS F1-F6 for the reception of user satellite telemetry data, reception
of TDRS telemetry and tracking data, and for the transmission of user and TDRS command data
shall be in accordance with STDN 220.29, TDRSS Spacecraft/Ground Segment Interface
Control Document.

Additional requirements to include operation with the Flight-7 TDRS have subsequently been
implemented in the TDRS TT&C functions. These additional requirements are contained in the
TDRS F-7 Interface Control Document for the TDRS Spacecraft/Ground Segment, 405-F7-ICD-
001, October 28, 1983 and its reference documents.

Deviations and waivers which have been approved by NASA are contained in P-01.1, April
1992/Rev. 1 through DCN-06 (August 1995), MO&DSD, Phase Il Requirements Specification
for the Second TDRSS Ground Terminal (STGT), Deviations and Waivers, Revision 1. The
approved deviations and waivers of P-01.1 are applicable to this document to the extent that they
are relevant to the design, implementation and test of changes to the WSC to comply with the
requirements of this specification (405-TDRS-RP-SY-011).

Technical Directions contained in STGT Technical Directions, 1 through 134 which have not
been included in this document are applicable to the extent that they are relevant to the design,
implementation and test of changes to the WSC to comply with the requirements of this
specification (405-TDRS-RP-SY-011).

1.4 Specification Organization

The architectural, functional, performance, interface, and operations requirements of the WSC
and its components and functional elements employed in user support operations are specified in
Sections 4 through 9. The requirements for WSC software design and development are defined
in Section 10, and the specifications for the SMTF are given in Section 11. The requirements for
equipment design and construction, installation, maintenance (including the Hardware
Maintenance Depot), spares, system documentation, training, R/M/A, and security are specified
in Sections 12 through 20.

Appendix A contains TT&C Subsystem technical characteristics.
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Appendix B contains the functional and performance specifications for the MA communications
and tracking services in the WSC.

Appendix C has been deleted.

Appendix D has been replaced by reference to the Interface Control Document (ICD) for the
operational interface between the WSC and the NCC and FDF.

Appendix E specifies the algorithms for user and TDRS ephemeris generation.

Appendix F specifies the requirements for @nzante and Caciquehird SGLT Ku-bandl
antenna.

Appendix G specifies the requirements for the DanzamteGRGTGround Terminal dual Ku-|
band/S-band SGLT antenna feed.

Appendix H specifies the requirements for the end-to-end test capability through a TDRS.

Appendix | specifies the requirements for data formatting, multiplexing and demultiplexing in
the Data Interface System.

Appendix J provides detailed definition of DPM/DQM functional requirements.
Appendix K provides requirements for user services via the TDRS H, |, J spacecratft.
Appendix L provides requirements for KaSA user services via the TDRS H, |, J spacecratft.

Appendix M provides requirements governing all changes to the WSC necessary to
accommodate TDRS H, I, J spacecraft requirements for spacecraft operations and support of user
services.

Appendix N provides definitions of signal distortion parameters.

1.5 Definitions
For the purpose of this Specification, the following definitions shall apply:

a. Equipment Chain The equipment required to process a signal between RF and
baseband.

b. Prime Equipment Chain One of two or more functionally and operationally identical
equipment chains which has been configured for and which has been designated for or
is engaged in operational support of a WSC function.

c. Redundant Equipment ChainOne of two or more functionally and operationally
identical equipment chains which has not been designated for operational support of a
WSC function.

d. Hot-Standby Mode The mode of a redundant equipment chain which is configured for
the same operational support of a WSC function as a designated functionally and
operationally identical prime equipment chain, is performing the system function
concurrent with this prime equipment chain except with regard to the destination of the
output, is being monitored to determine its status and performance, and is capable of
assuming prime status without significant loss of data.
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e. Warm-Standby Mode The mode of an equipment chain not in hot-standby mode in
which the power is on, the chain is available for service, and all status indicators show
the chain to be in working order.

f. Failover. The functional capability of the system to provide unambiguous indication of
a failure prejudicial to effective user support in a prime chain/assembly/equipment and
to effect transfer of support to a corresponding hot-standby redundant chain/assembly/
equipment. The failover function may be initiated automatically within pre-
programmed limits or manually, subject to operator discretion.

g. Failsoft Failsoft is the system characteristic which results from the incorporation of
redundancy, the implementation of procedures and mechanisms for failover to
redundant equipments, the use of distributed processing, and the establishment of
alternative modes of operations to enhance the availability of the system for providing
services through the avoidance of single-point failures.

h. Operator Friendliness Design criteria which include the application of human
engineering principles to hardware implementation to reduce operator fatigue and stress
and to minimize operator-induced errors. The design criteria also require the
incorporation of software which results in clear, intelligible, and unambiguous displays,
logical operational sequences, and prevent the propagation of software-induced errors.

I. Logging. Logging is the process of recording information (as on magnetic disk) at the
time the information is generated for the purpose of relatively short-term retention.
Logged data is an on-line record and is available to the computer as may be required.

j. Delogging Delogging is the process of extracting selected logged or archived data for
analysis. Delogging includes the provision of hardcopy printout of pre-processed or
post-processed data.

k. Archiving. Archiving is the process of transferring logged data to another storage
medium, such as magnetic tape, for relatively long-term retention. Archived data may
not be compressed nor reduced. Archived data is an off-line record in a form which
permits easy reentry into the system.

|. Stand-Alone Stand-alone refers to an operational mode of a chain/assembly/equipment
in which it performs its designated function, using its integral hardware, software, and
stored resources, in the absence of control from sources external to the chain/assembly/
equipment.

m. Built-in-Test (BIT). The capability incorporated in the design for a process (function)
which readily lends itself to inclusion of an internal test capability to indicate that a fault
exists within a line replaceable unit (LRU) and further isolates a fault within the LRU.
Test signal generation, test algorithms, and fault isolation are performed by the inherent
process (function). For example, in a digitally implemented, microprocessor-controlled
receiver, the microprocessor generates the test signals, contains the test algorithms, and
makes decisions based on the results of tests. The design of the LRU will determine
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whether the BIT capability can operate on-line without interfering with the normal
function of the LRU. If necessary, BIT shall operate off-line.

n. Built-in-Test-Equipment (BITE) The complementary process (function) and the
necessary signal generation and performance measurement equipment are contained
within a LRU. This capability allows the LRU to be operated in a self-test (LRU local
loop) mode. The controls for the self-test and the display of the results of test are
contained on the front panel of the LRU. Similarly, software included to perform a
software function complementary to the operational function for the purpose of testing
software performance is also considered to be BITE. A hardware example of the
incorporation of BITE: Full-duplex convolutional encoder/Viterbi decoder with a self-
test mode in the return service chain. The design of the LRU and the nature of the BITE
will determine whether the BITE can operate on-line without interfering with the
normal function of the LRU. BITE shall function off-line.

0. TV/Analog Data TV/Analog Data refers to analog video and other wideband analog
information originated by the Shuttle and received by the WSC as a frequency
modulated signal. The video baseband will be in National Television System
Committee (NTSC) color television format, except for audio and audio subcarrier. The
WSC can insert audio, received on a channel separate from the video channel, in NTSC
format for transmission to users.

p. FEunctional Switching Drawing Convention Figure 1-2 illustrates the functional
switching drawing conventions.

(1) 1 POLE

) = O

(180°ROTATION ABOUT ¢ )

(2) 2 POLE

/-\ OR /\
L N

(180° ROTATION ABOUT »)

Spec/Rev1/Figl-2

Figure 1-2. Functional Switching Drawing Conventions
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Section 2. Applicable and Reference Documents

2.1 Applicable Documents

The following documents, of the exact date of issue indicated, are part of this specification to the
extent cited herein. If there are conflicts between the listed documents and the requirements of
this specification, the requirements of this specification shall take precedence. In the event of
conflict between other listed documents, the order of precedence shall be as follows:

a. The requirements of NASA documents shall take precedence over the requirements of
other listed documents.

b. The requirements of other Government documents shall take precedence over contractor
documents and industrial standards.

Where no section number is shown, the whole document shall apply.

2.1.1 NASA Documents
Document Number Document Title

405-F7-1CD-001, 10/93 TDRS F-7 Interface Control Document
for the TDRS Spacecraft/Ground Segment

405-TDRS-RP-SY-001, rev. E, 11/9/95 TDRS H, I, J Technical Requirements
Specification

405-TDRS-RP-ICD-001, 10/95 Interface Control Document (ICD)
Between the Network Control Center
(NCC)/Flight Dynamics Facility (FDF)
and the White Sands Complex (WSC) for
the TDRS H, I, J Era

530-ICD-GRGT-GCF Interface Control Document between the
Guam Remote Ground Terminal (GRGT)
and the Ground Communications Facility

(GCF)

532-PVP-GRGT GRGT Performance Verification Plan

GSFC-GA-GEM-1331331, 6/72 Contractor Administered Training Course,
Sections 6, 9, 12

GSFC-STDN-SPEC-1, 9/85 Specification Preparation and Acceptance
of Technical Manuals

GSFC-STDN-SPEC 3, 9/85 Specification for Programming and
Handling Semiconductor Devices

GSFC-STDN-SPEC-4, 10/86 GSFCGeneral Requirements for STDN

Electronic Equipment
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Document Number
GSFC-STDN-SPEC-5, 5/86

GSFC-STDN-SPEC-6, 5/86
GSFC-STDN-SPEC-7, 10/86
GSFC-STDN-SPEC-8, DRAFT

GSFC-STDN-SPEC-9, 7/87
GSFC-STDN-SPEC-10, DRAFT

GSFC-S-323-P-5A, 3/67
GSFC-S-530-1, 3/85
GSFC-S-572-P-3B, 3/71

P-01.1, rev. 1, DCN-06, 8/95

ICD-2.0D004, rev. A, 1/81

STDN 102, rev. 3, 2/87
STDN 102.1, rev. 5, 9/85

STDN 102.8, 1/81

STDN 108

STDN 141, 6/86
STDN 203.7, 10/83

STDN 209, 7/86
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Document Title

GSFC Specificatioilectronic Equipment |
Racks

GSFEC Specificatioinstallation |
Requirements for STDN Equipment

GSFC Specificatiorounding System |
Requirements for STDN Stations

GSFC Specification for Electronic
Equipment Installation Materials

Specificdion Drawing System |

Specification Station Handbook
Documentation

Quality Assurance Requirements for
Standard Industrial Equipment

GSFC Specification for Ground System
Spare Parts Program

Engineering Drawing Standards and
Specifications

Phase Il Requirements Specification for
the Second TDRSS Ground Terminal
(STGT) Deviations and Waivers

JSC/GSFC Space Shuttle RF
Communications and Tracking,
Section 4.2.1, p. 41

STDN Documentation System

Standard for Preparation of STDN
Operations Documents

Handbook for Interface Control
Documents for Non-Project Related
Ground Facilities

PN Codes for Use with the Tracking and
Data Relay Satellite System (TDRSS)

STGT Concept of Operations

Functional and Performance
Requirements for the Tracking and Data
Relay Satellite/Spaceflight Tracking and
Data Network (TDRSS/STDN) User
Transponder

Second TDRSS Ground Terminal
Security Requirements
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Document Number Document Title

STDN 220.7, rev. 1 thru DCN 005, 10/86 Interface Control Document for the
Network Control Center/NASA Ground

Terminal
STDN 220.29, 2/88 TDRSS Spacecraft/Ground Segment ICD
STDN 220.30, 12/87 Interface Control Document (ICD)

Between the Second TDRSS Ground
Terminal (STGT) and Ground
Communications Facilities

STDN 402, rev. 5, 8/80 STDN System Maintenance Program,
Section 3

STDN 507, rev. 10, 1/84 Network Logistics Manual

STDN 927.2, 5/87 Second Tracking and Data Relay Satellite

System Ground Terminal (STGT)
Performance Verification Plan

STSOC-PR-400002, Volume III, 10/87 Integration and Validation Test
Procedures, Vol. lll, External Validation
Test Procedures, paragraph 7.4

(Unnumbered) STGT Technical Directions, 1 through
134
(Unnumbered) STGT Tailored Version of DoD-STD

2167, Defense System Software
Development, 10/87

(Unnumbered) Functional and Interface Description
Document for the STGT Tracking Data
Formatter, 1/91

2.1.2 Military Specifications, Standards, and Handbooks

Document Number Document Title
MIL-HDBK-217D, 12/86 Reliability Prediction of Electronic Equipment
MIL-STD-470A, 1/83 Maintainability Program for System and

Equipment, Task 104
MIL-STD-471A, 3/73 Maintainability, Verification/
Demonstration/Evaluation, Section B.90
MIL-STD-461C, 8/86 Electronic Emission and Susceptibility

Requirements for the Control of
Electromagnetic Interference, Part 3

MIL-STD-1553B, 9/78 Aircraft Internal Time Division
Command/Response Multiplex Data Bus
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2.1.3 Contractor Documents

Document Number Document Title
DO1450F, 5/84 TDRSS Command Requirements
DO1451F, 5/84 TDRSS Telemetry Requirements
TMO 253 Vols. I-1V, rev. B, 11/85 TDRSS Spacecraft Operations Handbook
TMO 254 Vols. I-ll, rev. A, 11/85 TDRSS Spacecraft Systems Manual
WS-SE-0101 (STR), 9/84 Cacique Ground Terminal Software Task

Requirements, 17 September 1984,
Volumes 1-VI, Sections ACS-1, 2, 3 Mod
l,4,6,7,12, 13, 15, 16, 21, 23, 24; C-1,
2,9, 14, 15; H-8, 9, 14; D-7; OPS-12, 21,
24, 25, 26; ET-13, 25; TOS-1; SU-6; SW-

1
WU-02-01, rev. B, 11/76 TDRSS Space Segment Specification
D10314-01, DCO B1, 6/19/95 F7 Command Requirements Document
D10315, rev. A, 5/17/95 F7 Telemetry Requirements Document
29000-200-003, 8/80 TDRSS System Design Report, Vol. I,
Space Segment
29000-200-003-004, 9/81 TDRSS System Design Report, Vol. I:

System Design, Table 5-1

2.1.4 Other Government Documents
Document Number Document Title

(Unnumbered) A1, December 29, 1986 STS Program Security Management
Supplemental Agreement to NASA/USAF
Interagency Agreement for the Protection
of STS National Security Information

CSC-STD-001-83, August 15, 1983 DoD Trusted Computer System
Evaluation Criteria

CSESD-40A, 7/84 Communications Security Equipment
System Document for KG-81

CSESD-50 Communications Security Equipment

(Publication Pending) System Document for KG-94

IRIG STD 128-77, 4/78 IRIG Standard Parallel Binary Time Code
Formats

NACSIM 5203 National COMSEC Information Manual:

Guidelines for Facility Design and
Red/Black Engineering, (C)
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2.1.5 International Standards
Document Number Document Title

ISO, 7498-1984 International Standards Organization
(ISO) Open System Interconnection (OSI)
Reference Model

2.1.6 Industrial Standards
Document Number Document Title

EIA STD RS-232C, 6/81 Interface Between Data Terminal
Equipment and Data Communication
Equipment Employing Serial Binary Data

Interchange
EIA STD RS-411, 8/73 Electrical and Mechanical Characteristics
of Antennas for Satellite Earth Stations
EIA STD RS-422 Electrical Characteristics of Balanced
Voltage Digital Interface Circuits
IEEE-488, 1980 IEEE Standard for Digital Interface for
Programmable Instrumentation
IEEE 802 Local Area Network Standards

2.2 Reference Documents

The following documents are for reference only. They provide insight into the operation,
characteristics, and interface of the TDRSS.

Document Number Document Title
GSFC-ME-7848, Vol. 1, 1/83 Operation and Maintenance Manual for a 50
Mbps Statistical Multiplexer Model 781
GSFC-MH-1182, Vol. 7, 2/81 GSFC NASCOM-TDRSS/Shuttle

Multiplexer-Demultiplexer Data System
Operation and Maintenance Manual

GSFC-OM-841-80126/11/80 NASCOM-TDRSS Multiplexer-
Demultiplexer Data Systems User Interface
Manual

GSFC X-582-76-77, 4/76 Mathematical Theory of the Goddard
Trajectory Determination System

ICD-2.0D004, rev. A, 1/81 JSC/GSFC Space Shuttle RF
Communications and Tracking

530-SNUG, rev. 7, 11/95 Space Network (SN) User's Guide

STDN 203.13/NCCDS, rev. 1, 12/86 NCCDS Detailed Requirements
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Document Number

Document Title

STDN 502.1/WSC, Volume 1, rev. 1, 5/8BIASA Ground Terminal Operations

through DCN 003, 4/87

STDN 502.1/WSC, Volume 2, rev. 1, 11/86

WU-02-02, rev. C, 4/86
WU-02-04, rev. C through SCN 20, 11/82

29000-200-003-003, 9/81

2900-200-003-004, 9/81

504-TDRS-HIJ-SY-03

Procedures

WSC Equipment Operating Procedures
TDRSS Ground Segment Specification

Satellite Systems/SS TDRSS Program Space/
Ground Segment Interface Specification

TDRSS System Design Report, Vol. II:
Ground Segment

TDRSS System Design Report, Vol. I:
System Design

Second TDRSS Ground Terminal
Configuration Study, 5/85

Second TDRSS Ground Terminal
Configuration Study SGLT Antenna Ku-S-
Band Dual Frequency Feed Study, 1/86

Government Furnished Items at the White
Sands Complex, NM for the TDRS H, I, J
Procurement

S-805-1B, rev. B, 4/83 through SCN 0l1Rerformance Specification for Services via

06/87
TMO 256, Books 1 and 2, March 1, 1987
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Section 3. Overview Of TDRSS User Service via
the WSC

3.1 General

This section provides an overview of the user services provided by the WSC operating as an
integral part of the Space Network. The overview includes telecommunication services, service
operations, and the TDRSS Frequency Plan. The Multiple Access (MA) services described in
this section shall be provided in only twbthe SGLTs at eaclbanzangé and Cacique, and thT

GRGT SGLToefthe three- SGLT s n-each-GroundTerminal.

3.2 Telecommunications Services

This section describes WSC support of forward and return user communication services using
Single Access (SA) and MA capabilities including Shuttle-unique service. This section also
describes WSC support of user tracking services.

3.2.1 General

Figure 3-1 provides an overview of the WSC/SGLT TDRSS services provided by ammi
Ground Terminal. As scheduled by the Network Control Center (NCC), each Ground Terminal
uses TDRS to provide forward and return services for low earth-orbiting user spacecratft.
"Forward" is defined as "Ground-to-TDRS-to-User Spacecraft" and "return” is defined as "User
Spacecraft-to-TDRS-to-Ground". Each Ground Terminal also provides scheduled tracking
services to support user spacecraft orbit determination. The user is responsible for processing
user spacecraft command and telemetry data.

WSC/SGLT support services include:

a. TDRSS SA service which includes both S-band and Ku-band service, referred to as
SSA and KSA, respectively. Table 3-1la summarizes each Ground Terminal's SA link
capabilities.

b. TDRSS Multiple Access (MA) service which operates at S-band. Table 3-1b
summarizes each Ground Terminal's MA link capabilities.

c. TDRSS SA and MA services which provide, as scheduled, range and range rate tracking
data for each spacecraft supported.
3.2.2 Forward Services

This section provides an overview of forward service and signal characteristics.
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Table 3-1a. TDRSS Link Capabilities (Single Access)

SINGLE-ACCESS LINK SUMMARY
FORWARD LINK RETURN LINK
BAND | SGLT-USER S/C | DATA RATE USER S/C - SGLT |DATA RATE
S 0.1 TO 300 6
(F1-F7 2 KILOBITS 2 MEGABITS
AND PER PER
H1J) SECOND SECOND
MAXIMUM
1 KILOBIT 300
K 2 PER 2 MEGABITS
(F1-F7 SECOND PER
AND TO 25 SECOND
H1J) MEGABITS MAXIMUM
PER
SECOND
Table 3-1b. TDRSS Link Capabilities (Multiple Access)
MULTIPLE-ACCESS LINK SUMMARY
FORWARD LINK RETURN LINK
BAND | SGLT-USERS/C |DATARATE USER S/C - SGLT |DATA RATE
0.1TO 10 0.1 TO 100
S 1 KILOBITS 5t KILOBITS
(F1-F7) PER PER
SECOND SECOND
0.1 TO 300 3 MEGABITS
S 1 KILOBITS 5 PER
(H,1,9) PER SECOND
SECOND MAXIMUM
THE INITIAL CAPABILITY FOR THE GRGT SGLT SHALL BE TWO MA RETURN
LINKS WITH PROVISION FOR EXPANDABILITY TO FIVE MA RETURN LINKS.

3.2.2.1 Service Characteristics

3.2.2.1.1 General

The Danzante Ground Terminal contains three SGLTSs, the Camaigins twdSGLTs, and the
GRGT containsa single SGLT Each-\WSC - Ground-Terminalindas-three- SGLTsTwo of the
SGLTsat each Danzante and Caciguigh an assigned TDRS can each provide two SSA, fwo
KSA, and one MA forward service simultaneousdg carthe GRGT SGLT(F1-F7 only). The
third SGLT at Danzantevith an assigned TDRS (F1-F7 only) can provide two SSA and [two
KSA forward services simultaneously. An SSA and a KSA forward service is provided through
each of two TDRS SA antennas. Each SA antenna can normally support forward service to one
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user spacecraft at a time, except when the Space Shuttle and associated payloads are within the
SSA and KSA antenna beams simultaneously. SSA and KSA forward services can be provided
simultaneously to a user spacecraft using one TDRS SA antenna.

3.2.2.1.2 SSA Forward Service

Each SGLT with an assigned TDRS can provide two SSA forward services. These services are
time-shared by all users of the SSA forward service. User spacecraft are discriminated by
frequency, polarization, unique Pseudonoise (PN) codes, and TDRS antenna beam pointing.
Between service periods, the TDRS transmits a 2030 MHz spread spectrum signal on the SSA
forward service using a uniquely assigned pseudonoise code.

3.2.2.1.3 KSA Forward Service

Each SGLT with an assigned TDRS can provide two KSA forward services. These services are
time-shared by all users of the KSA forward service. User spacecraft are discriminated by

polarization, unique PN codes, and TDRS antenna beam pointing. Between service periods, the
TDRS transmits the standard KSA forward spread spectrum signal using a uniquely assigned
pseudonoise code.

3.2.2.1.4 MA Forward Services
Two of the SGLTsat each Danzante and Cacique, and the GRGIT withan assigned TDREL
c

in-each-Ground-Terminal,-with-an-assigned-TDBah each provide one MA forward servi

This service is time-shared by all users of the MA forward service. All user spacecraft operate at
the same frequency and receiving antenna polarization, and are discriminated by unique PN
codes and by TDRS antenna beam pointing.

3.2.2.2 Signal Characteristics

Table 3-2 provides a summary of TDRS SA forward signal characteristics. Each SGLT with an
assigned TDRS must operate in accordance with established TDRSS signal characteristics.
TDRSS forward service (SSA, KSA, and MA) signal consists of a PN code-modulated command
channel in quadrature with the PN code-modulated range channel signal for data rates of 300
kbps or less. All forward service data at 300 kbps or less is modulo-2 added asynchronously to
the command channel PN code. Forward data greater than 300 kbps are transmitted only via the
KSA forward service. The data Binary Phase Shift Key (BPSK) modulates the KSA forward
service carrier and the range channel is not transmitted. The maximum available data rates are
300 kbps, 25 Mbps, and 10 kbps for the SSA, KSA, and MA forward services, respectively.

3.2.3 Return Services

3.2.3.1 General

This section provides an overview of return service and signal characteristics. Each SGLT shall
have the capability to combine the signals received from a single user spacecraft through both
SSA return services using the same TDRS, thus providing a user spacecraft which has degraded
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Effective Isotropic Radiated Power (EIRP) with a nominal 2.5 dB increase in return service
performance. This capability will be used only for S-band user spacecraft emergency support.
An MA user, during emergencies, may use SSA return service (cross-support) with improved

performance over MA return service.

Table 3-2. TDRSS SA Forward Service Signal Characteristics

(Except Shuttle)

PARAMETER

SSA DESCRIPTION

KSA DESCRIPTION

COMMAND CHANNEL RADIATED PWR | 10 dB

PN MODULATION

PN CHIP RATE

DATA MODULATION
CARRIER FREQUENCY

RANGE CHANNEL RADIATED PWR
RANGE CHANNEL

COMMAND CHANNEL

PN MODULATION
PN CHIP RATE
DATA MODULATION

PSK, +90°
=3M CHIPS/SEC
N/A

COMMAND CHANNEL
CARRIER FREQUENCY
DELAYED 90°

PSK, + 90°
=3M CHIPS/SEC
MODULO-2 ADDED

10 dB

PSK, = 90°
=3M CHIPS/SEC
N/A

COMMAND CHANNEL
CARRIER FREQUENCY
DELAYED 90°

PSK, = 90°
=3M CHIPS/SEC
MODULO-2 ADDED

ASYNCHRONOUSLY ASYNCHRONOUSLY
TO PN CODE TO PN CODE
DATA FORMAT NRZ NRZ
DATA RATE 0.1-300 kbps 1 kbps-25 Mbpsl
NOTE

1FOR KSA RATE EXCEEDING 300 kbps, PN MODULATION SHALL NOT BE USED AND THE
COMMAND CHANNEL DATA SHALL DIRECTLY BPSK MODULATE THE TRANSMITTED
CARRIER.

3.2.3.2 Service Characteristics

3.2.3.2.1 General

Two of the SGLTsat each Danzante a@ciqueper-Ground-TFerminalith an assigned TDRS

can each support two SSA, two KSA, and up to 5 MA return services simultaneously. The third
SGLTinr-each-Ground-Terminat Danzantewith an assigned TDR®an support two SSA an

two KSA return services simultaneouslyhe GRGT SGLwith anassigned TDRS can provid

two SSA, two KSA andtwo MA return services simultaneoushAn SSA and a KSA retur

service are provided through each of two TDRS SA antennas. Each SA antenna can normally
support return service from one user spacecraft at a time except when the Space Shuttle and
associated payload are within the SSA and KSA antenna beams simultaneously. SSA and KSA
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return service shall be provided simultaneously to a user spacecraft using the same TDRS SA
antenna. Each return service can provide either one or two data channels from a user spacecratft.
For example, two data channels can be used to transmit real-time data and recorder playback data
or real-time housekeeping data and real-time science data simultaneously.

3.2.3.2.2 SSA Return Service

Each SGLT with an assigned TDRS can provide two SSA return services. These services are
time-shared by all user spacecraft. User spacecraft are discriminated by frequency, antenna
polarization, unique PN codes, and TDRS antenna beam pointing.

3.2.3.2.3 KSA Return Service

Each SGLT with an assigned TDRS can provide two KSA return services. These services are
time-shared by all user spacecraft. User spacecraft are discriminated by antenna polarization,
unique PN codes, and TDRS antenna beam pointing.

3.2.3.2.4 MA Return Service

Two of the SGLTgan-each-GroundFerminalt each Danzante and Caciguath an assigne

TDRS, can each support 5 MA return services simultaneouhe GRGT SGLT with an
assigned TDRS can support two MA return services simultanecABlyser spacecraft operat

at the same frequency and transmitting antenna polarization, and are discriminated by unique PN
codes and by TDRS antenna beam pointing.

3.2.3.3 Signal Characteristics

3.2.3.3.1 General

Table 3-3 provides a summary of TDRS SA return signal characteristics. TDRSS return signal
characteristics are categorized as Data Group (DG) 1 (modes 1, 2, and 3) and DG2 signals. The
DG1 modes 1, 2, and 3 (I channel) signal spreads the return service spectrum using PN codes.
The DG2 and DG1 mode 3 (Q channel) signal does not use spread-spectrum techniques. The
DG1 modes 1 and 2 signal is a spread-spectrum Staggered Quadriphase Pseudorandom Noise
(SQPN) signal. The DGZ2 signal is a BPSK, Quadrature Phase Shift Key (QPSK), or Staggered
Quadriphase Shift Key (SQPSK) signal. Convolutional encoding shall be used for SSA return
services. SSA return service for symbol rates greater than 300 ksps must use interleaving.
Convolutional encoding may be used for all KSA return services at the user's option.
Interleaving is not applicable for KSA return service.

DG1 consists of modes 1, 2, and 3. For DG1 modes 1 and 2, the return service data is modulo-2
added asynchronously to related PN codes prior to each of these PN codes BPSK modulating
guadrature phases of a carrier. DG1 modes 1 and 3 require a coherent turnaround in the user
spacecraft transponder of the received forward service carrier and range channel PN code epoch.
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Table 3-3. TDRSS SA Return Service Signal Characteristics
PARAMETER SSA DESCRIPTION KSA DESCRIPTION
DATA GROUP 1(DG1)
PN MODULATION
MODE 1 AND 2 SQPN SQPN
MODE 3, | CHANNEL | PSK, £90° PSK, £ 90°
CONVOLUTIONAL RATE 1/2, REQUIRED FOR MODE | RATE 1/2, USER OPTION

ENCODING

SYMBOL INTERLEAVING

DATA MODULATION
MODE 1 AND 2

MODE 3
| CHANNEL
Q CHANNEL
PN CHIP RATE

CARRIER REFERENCE
MODE 1 AND 3
(COHERENT
TURNAROUND)

MODE 2
(NONCOHERENT
TURNAROUND)

DATA FORMAT

DATA RATE
MODE 1 TOTAL

| CHANNEL
Q CHANNEL

MODE 2 TOTAL

| CHANNEL
Q CHANNEL

MODE 3 TOTAL

| CHANNEL
Q CHANNEL

DATA GROUP 2 (DG2)
CONVOLUTIONAL
ENCODING

SYMBOL INTERLEAVING

1, 2, AND MODE 3 | CHANNEL
RATE 1/2, OR 1/3 REQUIRED FOR
MODE 3 Q CHANNEL

REQUIRED FOR SYMBOL RATE
> 300 ksps

MODULO-2 ADDED
ASYNCHRONOUSLY TO PN CODE

MODULO-2 ADDED
ASYNCHRONOUSLY TO PN CODE
PSK, = 90°

= 3M CHIPS/SEC

240 1
= X FR
221

USER SPACECRAFT OSCILLATOR

NRZ-L,M,S; BIPHASE-L?2

0.1-300 kbps

0.1-150 kbps
0.1-150 kbps

1-300 kbps

1-150 kbps
1-150 kbps

1+Q

0.1-150 kbps
1 kbps-3 Mbps

RATE 1/2, 1/3 (CODING
REQUIRED)

DATA RATE = 150 kbps REQUIRED
FOR RATE 1/2

DATA RATE = 100 kbps REQUIRED
FOR RATE 1/3

N/A

MODULO-2 ADDED
ASYNCHRONOUSLY TO PN CODE

MODULO-2 ADDED
ASYNCHRONOUSLY TO PN CODE
PSK, +90°

= 3M CHIPS/SEC

1600
== x FR!

1469

USER SPACECRAFT OSCILLATOR

NRZ-L,M,S; BIPHASE-L,M,S

1-600 kbps

1-300 kbps
1-300 kbps

1-600 kbps

1-300 kbps
1-300 kbps

1+Q

1-300 kbps

1 kbps-150 Mbps

RATE 1/2 (CODING OPTIONAL)

N/A
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Table 3-3. TDRSS SA Return Service Signal Characteristics (Cont’d)

PARAMETER SSA DESCRIPTION KSA DESCRIPTION
DATA MODULATION BPSK OR QPSK BPSK OR QPSK
CARRIER REFERENCE 240 FRl 1600 FRl
COHERENT x X
TURNAROUND 221 1469
NON-COHERENT
TURNAROUND USER SPACECRAFT OSCILLATOR | USER SPACECRAFT OSCILLATOR
DATA FORMAT NRZ-L,M,S NRZ-L,M,S; BIPHASE-L,M,S
DATA RATE RATE 1/2 RATE 1/3 UNCODED RATE 1/2
TOTAL 1 kbps-6 Mbps 1 kbps-4 Mbps 1 kbps-300 Mbps 1 kbps-150 Mbps
I CHANNEL 1 kbps-3 Mbps 1 kbps-2 Mbps 1 kbps-150 Mbps 1 kbps-75 Mbps
Q CHANNEL 1 kbps-3 Mbps 1 kbps-2 Mbps 1 kbps-150 Mbps 1 kbps-75 Mbps

NOTES

1FR = CARRIER FREQUENCY ARRIVING AT USER SPACECRAFT (HZ). EXCEPT DURING
SCHEDULED PERIODS OF DOPPLER COMPENSATION INHIBIT, FR=Fo*E; WHERE FQ NOMINAL

CENTER FREQUENCY OF USER SPACECRAFT RECEIVER AND FOR SSA, E =70 X R, WHILE R <
50 m/SEC2 AND R = 12 km/SEC; FOR KSA, E = 500 X R, WHILE R < 15 m/SEC2 AND R < 12
km/SEC, R AND R ARE USER SPACECRAFT VELOCITY AND ACCELERATION RESPECTIVELY,
RELATED TO THE ASSIGNED TDRS.

2THE OUTPUT OF THE CONVOLUTIONAL ENCODER MAY BE NRZ TO Big-L CONVERTED. THIS
CAPABILITY WILL ONLY BE USED WITH DATA RATES < 5 Mbps.

DG1 mode 2 is similar to DG1 mode 1 but uses a noncoherent carrier (a forward service is not
required) with related short PN codes. For DG1 mode 3, the | channel signal characteristics are
identical to those of the | channel of DG1 mode 1, and the Q channel is a nonspread-spectrum
signal with the return service data directly BPSK modulating the Q channel carrier.

In DG2, the return service data directly BPSK, SQPSK, or QPSK modulates the carrier. The
carrier may either be coherent with the received forward service carrier or noncoherent. The
type of modulation that can be used is dependent upon the following characteristics of the return
service: number of data channels, channel data rates, use of convolutional encoding, use of
biphase data formats, and use of the Biphase-L format conversion for the convolutional encoder
output symbols. BPSK modulation can only be used for a single data channel. SQPSK
modulation shall be used for a single data channel and can be used for two independent data
channels. QPSK modulation can also be used for two independent data channels.

3.2.3.3.2 SSA and KSA Return Services

A user spacecraft can use DG1 modes 1, 2, and 3, and DG2 signals depending upon the user
spacecraft return service data requirements. An SSA user shall use convolutional encoding (rate
1/2 or rate 1/3) for all return service data. An SSA user may use interleaving to mitigate radio
frequency interference (RFI) for symbol rates greater than 300 kbps. The maximum return
service data rate is 6 Mbps for DG2 SSA return service and 300 Mbps for DG2 KSA return
service.
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3.2.3.3.3 MA Return Service

A user spacecraft that is relaying MA return data through a TDRS F1-F7 must use convolutional
encoding for all return service data and may use only DG1 modes 1 and 2 signal designs. The
maximum individual user spacecraft return service data rate for DG1 mode 1 and 2 operations is
100 kbps.

A user spacecraft that is relaying MA return data through a TDRS H, I, J must use convolutional
encoding for all return service data and can use DG1 modes 1, 2, and 3, and DG2 signals. The
maximum individual user spacecraft return service data rate is 3 Mbps for DG2 MA return
services.

3.2.4 Shuttle-Unique Service

Table 3-4 provides a summary of Shuttle-unique TDRSS services.

Table 3-4. TDRSS Shuttle Unique Service Signal Characteristics

PARAMETER FORWARD RETURN
S-BAND SERVICE
PN CHIP RATE 11.232 MCHIPS/SEC £ 0.1% N/A
DATA MODULATION MODULO-2 ADDED N/A
ASYNCHRONOUSLY TO PN
CODE
DATA FORMAT NRZ-L NRZ-L

CONVOLUTIONAL
ENCODING

CARRIER MODULATION

RATE 1/3, CONSTRAINT
LENGTH 7, CONVERSION
TO BIPHASE-L REQUIRED

PSK, £ 90°

RATE 1/3, CONSTRAINT
LENGTH 7, CONVERSION
TO BIPHASE-L REQUIRED

PSK, £ 90°

DATA RATE
MODE 1 32 kbps 96 kbps
MODE 2 72 kbps 192 kbps
Ku-BAND SERVICE
COMMAND CHANNEL
PN MODULATION PSK, + 90° N/A
(OPTION)
PN CHIP RATE =3 MCHIPS/SEC N/A
DATA FORMAT NRZ N/A
DATA MODULATION BIPHASE-L CONVERSION N/A
REQUIRED, MODULO-2
ADDED ASYNCHRONOUSLY
TO PN CODE
DATA RATE 1-216 kbps N/A
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Table 3-4. TDRSS Shuttle Unique Service Signal Characteristics (Cont’d)

PARAMETER FORWARD RETURN
RANGE CHANNEL N/A N/A
MODE 1
CARRIER MODULATION: N/A QDSB
I-CHANNEL POWER N/A 6 dB
Q-CHANNEL POWER
Ku-BAND SERVICE
COMMAND CHANNEL
PN MODULATION PSK, + 90° N/A
(OPTION)
PN CHIP RATE ~3 MCHIPS/SEC N/A
DATA FORMAT NRZ N/A
DATA MODULATION BIPHASE-L CONVERSION N/A
REQUIRED, MODULO-2
ADDED ASYNCHRONOUSLY
TO PN CODE
DATA RATE 1-216 kbps N/A
RANGE CHANNEL N/A N/A
MODE 1
CARRIER MODULATION: N/A QDSB
I-CHANNEL POWER N/A 6 dB
Q-CHANNEL POWER
I-CHANNEL (CHANNEL 3):
MODULATION N/A PSK, + 90°
DATA FORMAT N/A NRZ-L,M,S
CONVOLUTIONAL N/A RATE 1/2
ENCODING
DATA RATE N/A 2-50 Mbps, OR NO DATA
Q-CHANNEL:
MODULATION N/A QDSB
DATA FORMAT N/A 8.5 MHz SQUARE WAVE
SUBCARRIER QPSK
MODULATED WITH DATA
SUBCARRIER MODULATION: QPSK
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Table 3-4. TDRSS Shuttle Unique Service Signal Characteristics (Cont’d)

PARAMETER FORWARD RETURN
I-CHANNEL (SUBCARRIER) N/A +6 dB
Q-CHANNEL (SUBCARRIER)
I-CHANNEL (CHANNEL 2):
DATA FORMAT N/A NRZ-L,M,S ALL DATA RATES
BIPHASE-L,M,S < 1.024 Mbps
DATA RATE N/A 16 kbps-2 Mbps
Q-CHANNEL (CHANNEL 1):
DATA FORMAT N/A BIPHASE-L
DATA RATE N/A 192 kbps
MODE 2
MODULATION N/A FM
SIGNAL FORMAT INTO FM N/A ANALOG MODULATED
MODULATOR CARRIER AND 8.5 MHz
QPSK MODULATED
SUBCARRIER
CARRIER FM DEVIATION N/A 11 MHz PEAK
FREQUENCY
SUBCARRIER FM DEVIATION N/A 6 MHz PEAK
FREQ.
FM PREDETECTION 3 dB N/A 50 MHz
BANDWIDTH
CARRIER MODULATION:
DATA FORMAT N/A ANALOG
(CHANNEL 3)
DATA 3 dB BANDWIDTH N/A 4.2 MHz
(CHANNEL 3)
SUBCARRIER MODULATION:
I-CHANNEL (SUB-CARRIER) N/A +4.3dB
Q-CHANNEL (SUBCARRIER)
I-CHANNEL (CHANNEL 2):
DATA FORMAT N/A NRZ-L,M,S ALL DATA RATES
BIPHASE-L,M,S < 1.024 Mbps
DATA RATE N/A 16 kbps-2 Mbps
Q-CHANNEL (CHANNEL 1):
DATA FORMAT N/A BIPHASE-L
DATA RATE N/A 192 kbps
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3.2.5 Tracking Services

Each SGLT with an assigned TDRS can provide both two-way range and range rate (Doppler)
measurements and one-way Doppler measurements for user spacecraft. Range measurements
require use on the return service of a PN range code which is coherent with the forward service
range channel PN code. Two-way Doppler measurement requires use of a carrier on the return
service which is synchronized with the forward service carrier. Tracking service requires
establishment of a forward service and/or a return service to a user spacecraft using either the
MA, SSA, or KSA services.

3.3 Service Operations

Figure 3-2 provides an overview of a user's Project Operations Control Center (POCC)/Data
Processing Facility functional interfaces (command and telemetry) with the TDRSS and the
functional operational interfaces with the Network Control Center (NCC). The NCC schedules
TDRSS services, supports real-time configuration control of TDRSS services, monitors the
performance of scheduled TDRSS services, and monitors the availability of TDRSS services.

USER
POCC/DATA

COMMAND

MONITOR
SERVICE STATUS, DATA
MONITOR DATA
SCHEDULE,
REAL-TIME
e
CHANGES
SCHEDULE,
ACQUISITION
DATA
REAL-TIME
OPERATIONS
CONTROL

Spec/Rev1/Fig3-2

Figure 3-2. TDR SS User Interface Overview
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The NCC uses performance monitoring data to coordinate fault isolation and subsequent
corrective action at all elements that support user spacecraft related services. The user POCC
requests scheduling of TDRSS services and initiates real-time configuration change requests to
TDRSS services as a result of user spacecraft real-time configuration changes. The Flight
Dynamics Facility (FDF) supports user spacecraft orbital determination using TDRSS tracking
data.

3.4 TDRSS WSC Frequency Plan
Figure 3-3 provides an overview of the forward and return service frequency plan.

1) 2287.5 MHz - MA
2) 2200 TO

2300 MHz - SSA
3) 15.0034 GHz - KSA

1) 2106.4 MHz - MA
2) 2025.8 TO

2117.9 MHz - SSA
3) 13.775 GHz - KSA

13.4TO 14.05 GHz

WSC 7
‘' GrounD
Y TERMINAL 7

~ e

~ -
-

CCR-405-SY011-01/Fig3-3

Figure 3-3. TDRSS Forward and Return Service Frequency Plan Overview
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Section 4. WSC Requirements

4.1 Overview and Architecture

The WSC shall provide multiple, simultaneous services among user spacecraft and NASA
operational facilities via assigned TDRS. Each service provided by the WSC shall include

receiving user data at the common carrier interface (CCI) for RF transmission of forward link

signals to the user spacecraft via the assigned TDRS, receiving RF return link signals from the
user spacecraft via the assigned TDRS, recovering and forwarding return link data to users via
the CCI, and providing user spacecraft tracking support services. In addition, the WSC shall
ensure the integrity of the user spacecraft/WSC communication paths, and shall monitor and
maintain the health and status of the TDRS resources by performing TDRS TT&C functions.

The WSC implementation and operation shall include failsoft features. The failsoft capability

shall include avoidance of potential single-point failures by applying concepts such as:

independent SGLTs in the WSC, hardware redundancy within the SGLT, Common Time and

Frequency System (CTFS), DIS and S-band TT&C System, the operation of redundant

equipment in hot-standby, timely failover to hot-standby equipment, and an architecture based on
distributed data processing providing local control of subsystems.

N

Figure 4-1 depicts the reference architectur¢gferDanzante Ground Terminal, while Figure 4
depictsthe reference architecture fohe CacigueGround Terminal and GRGT.Each ground
terminal includes the followingeach—WSC-GroundTerminal—and-includes—thefellow|ng
elements

a. Each SGLTFhree-Space-Ground-LinkTFerminals (SGLTs)-wheltall provide user
telecommunications servicesida TDRS Ku-band TT&C capabilifya TDRS $and

TT&C capability (Danzante and GRGT only), and EET equipment capabl¢ of
simulatinguserspacecratft for testingf endto-endTDRSS datacommunications Each
SGLT shall include an integral capability for measuring the performance and
monitoring the status of the SGLT during user service and under test conditions. The
SGLTs shall be capable of being operated from the TDRSS Operations Control Center
(TOCOQ).

b. A TOCC at eachDanzante and Caciquerhich-shall provide an operator—friendIJ/
environment for controlling and monitoring the operation of the SGLTs, DIS, and the
S-band TDRS TT&C System.

c. An S-band TDRS TT&C Systeat each Danzante afithciqueto support spare TDRSIS
and for use in the event of a loss of TDRS Ku-band TT&C capability.

d. A Common Time and Frequency System (CTFS) to provide time and frequency
references to WSC components.
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Figure 4-1. Danzante Ground Terminal
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e. A Data Interface System (DIS) to provide the interface and the data handling between
the SGLTSs, Intrasite Communications System, S-band TDRS TT&C Sy@mvzant\(levl
and Cacigueonly) common carrier communication facilities, and the other WSC
Ground Terminal.

f. A Software Maintenance and Training Facility (SMTF), located only at the Danzante
Ground Terminal, to provide the capability for on-site development, enhancement and
testing of software and for the training of operations and maintenance personnel at
WSOseth-Ground-Ferminals |

g. An Intrasite Communications System, provided by the Government, for operational
communications.

h. A Hardware Maintenance Depot (HMD), located only at the Danzante Ground
Terminal, for the repair dVSC hardwareat-both-Ground-Ferminals |

I. A Maintenance Test Group (MTG) for support of hardware maintenance.

4.2 Functional Requirements

This section specifies, directly or by reference to other relevant sections of this Specification, the
functional requirements for the elements of the WSC.

4.2.1 SGLT Functional Requirements

The SGLT functional requirements for telecommunications and TT&C operations are specified
below.

4.2.1.1 Telecommunications Functional Requirements

4.2.1.1.1 SSA Forward Service (SSAF)

Each SGLT shall provide for transmitting SSAF user data via an assigned TDRS to user
satellites. User forward baseband data shall be received from the DIS.

4.2.1.1.2 SSA Return Service (SSAR)

Each SGLT shall provide for Ku-band reception of user data transmitted from a user satellite at
S-band, through an assigned TDRS. The returned data shall be received, processed, and sent to
the DIS at baseband.

4.2.1.1.3 KSA Forward Service (KSAF)

Each SGLT shall provide for transmitting KSAF user data via an assigned TDRS to user
satellites. User forward baseband data shall be received from the DIS.
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4.2.1.1.4 KSA Return Service (KSAR)

Each SGLT shall provide for Ku-band reception of user data transmitted from user satellites
through an assigned TDRS. The returned data shall be received, processed, and sent to the DIS
at baseband.

4.2.1.1.5 Tracking Service

For SSA and KSA services, the SGLT shall provide user range measurements and one-way and
two-way (coherent turnaround) Doppler measurements.

4.2.1.1.6 Multiple Access (MA) Service

Two SGLTsatn eachDanzante and Caciquereund-TFerminaaind the GRGT SGLFEhall each
contain an MA service support capability. MA service functional requirements are specified in
Appendix B.

4.2.1.2 Ku-band TDRS TT&C Functional Requirements

Each SGLTin-each-Ground-Ferminashall provide the capability to monitor the health alnd
status, determine orbital parameters, and control changes in the configuration of an assigned
TDRS F1-F7 by transmission and reception of TDRS TT&C data. Each SGLT shall also
perform TDRS F1-F7 stationkeeping, attitude control, and TDRS antenna pointing.

Two SGLTsin-each-Ground-TFermingt each Danzante ahciqueshall provide the capabilit;l

to monitor the health and status, determine orbital parameters, and control changes in the
configuration of an assigned TDRS HIJ by transmission and reception of TDRS TT&C data.
Each of these two SGLTs shall also perform TDRS HIJ stationkeeping, attitude control, and
TDRS antenna pointing.

4.2.2 S-band TDRS TT&C System (STTCS) Functional Requirements

For contingency TDRS TT&C operationBanzante and Caciguee\WSCshall perform the
functions specified in Section 4.2.1.2, via an S-band TT&C uplink and downfinkDanzante
and Cacigue/SC shall be capable of supporting anyiewerbit TDRS F1-F7 and TDRS HI
via the S-band TT&C System.

4.2.3 Data Interface System (DIS) Functional Requirements

EachFhe WSC ground terminakhall provide, in the DIS, the data handling functions l‘or
interfacing with common carrier circuits for communlcatlon between the SGLTs and other
NASA facilities.-Es e with
theetheeWS&Gre&edie#mmaH#a%he@lgll communlcatlon Ilnks external to the WSC will
be provided by the Governmenthe DIS shallalso provide for data communications betweden
Danzante an€aciquevia an inter-terminainterface and between Caciqaerd GRGT via the
GDIS.
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4.2.4 TOCC Functional Requirements

The principal operating positions (workstations) shall be contained in an operations center
designated as the TDRSS Operations Control Center (TOCC). The TOCC shall contain
intelligent terminals and peripherals devoted to the operation and control of each SGLT, the
S-band TT&C System and the DIS.

4.2.5 Common Time and Frequency System (CTFS) Functional Requirements

The CTFS shall generate and distribute highly stable and accurate time and frequency coherent
signals withinthe-WSEC_each ground terminal Redundancy shall be provided for criticbl
equipment in the CTFS. Battery backup shall be provided to ensure continuous operation in the
event of primary power outage. The output signals shall be based on the primary reference
characteristics of a high performance Cesium Beam Frequency Standard and Disciplined
Oscillators.

4.2.6 Software Maintenance and Training Facility (SMTF) Functional
Requirements

The operation othebeth WSC Ground Terminals shall be supported by a single, indepeAdent
Software Maintenance and Training Facility, located at the Danzante Ground Terminal. The
SMTF shall provide a software development capability for software modification and
enhancement and shall provide a simulated operational environment for software testing and
training of operations and maintenance personnel. The SMTF shall have the capability to
simulate the response of the WSC operational service equipment and of a TDRS to the extent
necessary for realism and effectiveness of testing and training. The SMTF shall include software
design and implementation tools, test simulators, and scenario generators and shall support
performance of software data collection and analysis capability, documentation, and software
configuration management functions.

4.2.7 Maintenance Test Group (MTG) Functional Requirements

EachWsSC-Ground Terminal shall include an MTG consisting of general and speciall test
equipment (as required) and other resources to support first level maintenance (Section 4.2.8.1)
of the WSCequipment. The MTG shall use information derived from Performance Measpring
and Monitoring Subsystem (PMMS) monitoring and test functions as an aid in determining the
location of a fault. The MTG shall:

a. Provide the capability for injecting test signals into off-line equipment and controlling
the configuration of tests.

b. Measure the response of the equipment to the test signals at designated test points.

c. Display the results of tests in a manner which permits maintenance personnel to localize
failures.
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4.2.8 Hardware Maintenance Requirements

Facilities and equipment required to perform two levels of hardware maintenance shall be
provided as part of the WSC.

4.2.8.1 First Level Maintenance
The first level of hardware maintenance shall include:
Scheduled preventive maintenance

a
b. Fault localization

o

Replacement of failed units (LRUS)
d. In-line testing and recalibration of repaired and replaced units

The test resources of the MTG shall be used as required for fault localization, testing, and
calibration.

4.2.8.2 Second Level Maintenance

The WSC shall include a single HMD, located at the Danzante Ground Terminal, for the repair
of failed unitsat-beth-Ground-TFerminalsThe HMD shall be capable of restoring to servicealble
condition failed units determined to be repairable. The HMD shall include test equipment, signal
sources, printed circuit board testers, integrated circuit testers, test fixtures, and tools required to
perform repairs to the individual piece-part level. The second level maintenance function shall
be supported by a logistics program which provides a supply of spare parts for the timely repair
of failed components.

4.3 Performance Requirements

This section specifies, directly and by reference to other relevant sections of this specification,
the performance requirements of the WSC.

4.3.1 TDRS Support Performance

TheWSCDanzante and Caciqu&GLTsshall be capable of operating, with an assigned, on-clsrbit
TDRS with an orbital inclination not exceedittg7° and with a nadir longitude between°®37
west longitude and 175vest longitude.The GRGT SGLT shall be capalgitoperating with an
assigned, on-orbit TDRS, with ambit inclination of+ 7° and with a nadir between 14®est
longitudeand 289 west longitude

4.3.2 Operational Availability

In a measurement interval of 10,000 hours,Rhezante and Cacigusperational availability, asl
defined in Section 13.4, for providing single access forward and return user services, and S-band
TT&C service, shall be not less than 0.999Bhe GRGT operational availabilifgr providing
forwardandreturnuserservicesshall notbe lesshanan 0.9743 and for S-band TT&C servicgs

shall notbe less than 0.9996.
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4.3.3 RF Performance

The Ku-band radio frequency transmission and reception performance requirements, including
Ku-band antenna requirements, are specified in Section 5.1.3. The S-band radio frequency
transmission and reception performance requirements for the TDRS TT&C uplink and downlink
are specified in Section 6.3. The RF interfaces shall be consistent with the requirements of
STDN 220.29, TDRSS Spacecraft/Ground Segment Interface Control Document for F1-F6, and
405-F7-1CD-001, TDRS F7 Interface Control Document for the TDRS Spacecraft/Ground
Segment, for F7.

4.3.3.1 Frequency Allocation

The Ku-band frequencies from 13.4 GHz to 14.05 GHz have been allocated for the downlink
from the TDRSs to the Ground Terminals and the frequencies from 14.6 GHz to 15.25 GHz have
been allocated for the uplink from the Ground Terminals to the TDRSs. The WSC has
authorization to utilize the S-band space research bands, 2023 MHz to 2118 MHz uplink and
2200 MHz to 2300 MHz downlink.

4.3.4 SGLT Service Performance Requirements

4.3.4.1 Telecommunications Performance Requirements

Performance requirements for SSA forward service and KSA forward services are specified in
Section 5.2.1.3. Performance requirements for SSA return service and KSA return service are
specified in Section 5.2.2.3. Performance requirements for the SSA and KSA tracking services
are specified in Section 5.2.3.3.

4.3.4.2 TDRS Ku-Band TT&C Performance Requirements

Section 5.3.3 specifies the performance requirements for TDRS Ku-band TT&C. The SGLT
shall have the capability for controlling and maintaining the position of an assigned TDRS to
within 0.1° longitude of its directed position (for all TDRSs) and to within® @fLits directed
inclination from the equatorial (TDRS F1-F7 only). TT&C performance requirements are
specified in Appendix A.

4.3.5 TDRS S-Band TT&C Performance Requirements

The performance requirements for TDRS S-band TT&C, including stationkeeping requirements,
are very similar to those specified for Ku-band TT&C. The S-band TT&C performance
requirements are specified in Sections 6.2.2 and 6.3.2.

4.3.6 DIS Performance Requirements

The performance requirements for the DIS, including switching, control, multiplexing/
demultiplexing, data buffering, storage, and quality monitoring, are specified in Section 8.3.
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4.3.7 TOCC Performance Requirements

The performance requirements of the TOCC are specified in Section 9.3.

4.3.8 CTFS Performance Requirements

The frequency standards provided by the CTFS shall be maintained to within one part in ten to
the twelfth power. Time shall be maintained to within 5 microseconds of time relative to the US
Naval Observatory (USNO) master clock by utilizing WWY¥Banzante and Cacique onI;i
LORAN-C_(Danzare and Caciqgue onlypnd Global Positioning Satellite (GPS) radio signals.
Additional performance requirements of the CTFS are specified in Section 7.

4.3.9 Maintenance Performance Requirements

WSC maintenance shall be performed such that the mean time to repair (MTTR) all equipment,
except the Antenna Subsystem, shall not exceed 30 minutes as specified in Section 13.2.

4.4 Interface Requirements

The external interfaces of the WSC are depicted in Figure 1-1.

4.4.1 WSC-TDRS Interface Requirements

The interface between the WSC and a TDRS for telecommunications services and TT&C
support shall be in accordance with the RF interface requirements defined in STDN 220.29,
TDRSS Spacecraft/Ground Segment ICD, for F1-F6, and 405-F7-ICD-001, TDRS F7 Interface
Control Document for the TDRS Spacecraft/Ground Segment, for F7. The WSC-TDRS

interface requirements are specified in the following sections:

a. Antenna Subsystem - Section 5.1.4.

b. User forward equipment - Section 5.2.1.4.

c. User return equipment - Section 5.2.2.4.

d. User tracking equipment - Section 5.2.3.4.

e. Ku-band TT&C equipment - Section 5.3.4.

f. S-band TT&C equipment - Sections 6.2.3 and 6.3.3.

4.4.2 WSC-Common Carrier Interface Requirements

The WSC interface with the common carrier telecommunications facilities shall be in accordance
with the requirements specified in Section 8.4.3.1 and in STDN 220.30, Interface Control
Document (ICD) Between the Second TDRSS Ground Terminal (STGT) and Ground
Communications Facilitiesand 530-ICD-GRGT-GCF, InterfacControl Document (ICD)
betweenthe GuamRemote Ground Terminal (GRGT) atite GroundCommunicationg-acility

(GCF).
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4.4.3 Danzante-Cacique Interface Requirements

The DIS shall provide the interface for a dedicated, multichannel communication link between
the Danzante and Cacique Ground Terminals. The requirements for the Danzante-Cacique
Ground Terminal interface are specified in Section 8.4.3.2.

4.4.4 Cacigue- GRGT Interface Requirements

The DIS shall provide thimterface for a dedicated multichannelcommunicationlink between
the Cacigueandthe GRGT. The requiremenisr the Cacigue-GRGT interface are specified |in
Section 8

4.5 Operations

This section specifies the WSC operations requirements, modes of operation, operational support
concept, and security of operations.

4.5.1 Operations Requirements

The WSC shall operate as integrated and self-contained facilities and shall meet the operational
availability requirements specified in Section 13.4. The key requirements of WSC operations
are:

a. The WSC shall operate year-round, 24 hours a day.

b. Each-eofthethredhe SGLTs within each Ground Terminal shall operate independelntly
of each other and under the control of the NCC during the provision of TDRSS user
services support.

c. TheTOCCat each Danzante and Cacicglall serve as the local control and monifor
center forthe respectiveachGround Termina, including control othreethe SGLTS,
the DIS, and the S-band TT&C Systeriihe Cacique TOCC shall alserve as the
control andmonitor center fothe GRGT, including the SGLT and GDIS.

d. The DISat eachDanzanteand Cacigueshall operate under NCC control as @n
independent system serving @dteeSGLTs inthe respectiveachGgroundFterminal,
and shall serve as the interfagghbetween-the-Ground-Ferminal-amther NASA
operating elementsThe Cacique DIS shall support the GRGT.

e. In the normal mode of operation (described in Section 4.5.2), the NCC will perform
WSC control functions automatically. When the normal mode of operation cannot be
sustained, WSC operations control shall be performed at the TOCC or at local control
consoles by the intervention of WSC operations personnel who shall use voice
communications with the NCC, FDF, and user POCCs as appropriate.

f. The S-band TT&C SystemDanzante and Cacique onlW) TG, CTFS, SMTF
(Danzante only) and HMD (Danzante only)shall be operated as independgnt
systems/functions.
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4.5.2 Modes of Operation

Each WSC Ground Terminal shall have the capability to operate (i.e., provide user support) in
three modes: a normal mode, a TOCC control mode, and a local control mode.

a.

In the normal mode of operation the Ground Terminal is configured and controlled for
user support automatically, in response to messages received from the NCC as specified
in 405-TDRS-RP-ICD-001. This automatic configuration and control is accomplished
by SGLT and DIS ADPE (Automatic Data Processing Equipment) subsystems. In the
normal mode of operation, the TOCC monitors operations.

In the TOCC control mode communication with the NCC is assumed to be by voice
only. The information from the NCC for configuration and control of the Ground
Terminal must be entered at the TOCC workstations. The TOCC shall provide
capabilities for facilitating the entry and display of this information and for control of
the Ground Terminal to provide user support.

The local control mode assumes that the TOCC entry and control described in Item b. is
not available for one or more of the ADPE Subsystems. The following functions shall
be performed at Man-Machine Interface (MMI) devices directly linked to SGLT,
S-TT&C, (Danzante and Cacique onlghd DIS ADPE subsysten®anzante and
Cacique only)for which TOCC entry and control is not available. These MMIs shal| be
referred to as local MMls:

1. Configure and provide user and TDRS support as specified in the requirements for
each system/subsystem. The functions supported by each system/subsystem are
described in Sections 5.5.2.2.7 (for Executive ADPE), 5.5.3.2.9 (for USS ADPE),
5.5.4.2.36 (for K-band TT&C ADPE), 6.4.1j (for S-band TT&C ADPE), and 8.5.11
(for DIS ADPE).

2. Perform pre-service and post-maintenance and other testing except for Shuttle pre-
service testing.

3. Support delog of SGLT, DIfDanzante and Cacique onl@nd TDRS status anJ}I
performance data logged and/or archived by the system/subsystem ADPE.

4. Support ongoing user services.

5. Support initiation of operations messages as specified in the requirements for each
subsystem. The timeline requirements in 405-TDRS-RP-ICD-001 for completing
operations orders shall not apply.

6. Failover to redundant equipment to maintain user service.

7. Monitor and support of operations.
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4.5.3 Operational Support

The WSC shall be capable of providing operational support consistent with the operations
requirements and modes of operation to ensure meeting the specified operational availability.
Operational support includes activities associated with WSC system and subsystem monitoring,
status reporting, logging/archiving/delogging, fault detection, fault isolation, maintenance, and
logistics support. WSC operational support shall include:

a. Provision of performance measuring and monitoring to:

1. Verify operational readiness to support user service prior to the start of a scheduled
service.

2. Verify operational readiness of WSC equipment after completion of maintenance.

3. Monitor equipment status and the quality of WSC user service support during
service, including RF spectrum monitoring.

4. Perform WSC user service characterization.
5. Support fault detection and fault isolation to the LRU level.
b. The application of BIT/BITE in the WSC equipment wherever beneficial.
c. The provision of test equipment and test procedures to support WSC maintenance.

d. The use of the SMTF, the HMD and logistics support to provide software and hardware
maintenance.

e. Logging/Archiving/Delogging to support WSC operational anomaly analysis and
management of WSC operations.

4.5.4 Security Aspects of Operations

The WSC shall be operated in conformance with current security requirements governing NASA
Space Network operations. The WSC shall provide the required level of protection for DOD
classified information which may be present in the WSC and/or its systems. To ensure that this
required level of protection is achieved and maintained, the WSC shall meet the requirements of
Second TDRSS Ground Terminal Security Requirements, STDN No. 209.
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Section 5. SGLT Requirements

5.0 SGLT Requirements

5.0.1 Overview and Architecture

The SGLT shall include the hardware and software required to provide failsoft
telecommunications and tracking support for SN user satellites, via an assigned TDRS, and
TT&C functions for that TDRS. Each SGLT shall include the subsystems identified below.
Figure 5-1 depicts the reference architecture for the SGLT.

a.

An Antenna Subsystem (AS) which includes a steerable transmitting and receiving
Ku-band antenna with associated drive motors, controls, and microwave components; a
switching and waveguide network to connect the SGLT antenna subsystem to the SGLT
service chains; local motor drive and manual steering control; and low noise amplifiers
(LNAs). The LNAs shall be on®or-two redundant. Selective redundancy shall be
provided for other components to meet the allocated reliability of the Antenna
Subsystem.

A-User-Service-Subsystem{USBlo SGLTs at each Danzante and Cacique, and| the
GRGT SGLT shall have User Service SubsysgtdSS) which includes all the

equipment for providinggA _and MA forward and return user communication apd
tracking servicesThe thirdSGLT at Danzante shall haaéJSS which includs all the
equipment forproviding SA forward and return user communicationand tracking
services.The USS shall have one-for-one redundancy on a service chain basis.

A Tracking, Telemetry and Command Subsystem (TTCS) which operates at Ku-band
with an assigned TDRS. The TTCS shall be one-for-one redundant.

A Performance Measuring and Monitoring Subsystem (PMMS) which shall include the
equipment to determine the performance and readiness of a user service chain. The
PMMS shall be capable of supporting two SA forward and return service chains
simultaneously and independently. The PMMS shall have one-for-one redundancy for
the equipment related to the service chains, except switches.

A Control and Display Computer Network (CDCN) which shall control the operation of
the SGLT equipment in automatic, TOCC, and local control modes. The CDCN shall
be a distributed processing and control network with dedicated automatic data
processing equipments (ADPE Subsystems) for each of the four user service forward
and return chain pairs. Similarly, separate ADPEs shall each be dedicated to the TTCS
and PMMS. An Executive ADPE Subsystem shall control and coordinate the functions
of the network. Each ADPE subsystem shall be provided with one-for-one redundancy.
The ADPE subsystems and operator control workstations located in the TOCC shall be
interconnected byrimary and redundant local area network (LAN)The Cacique
primary and redundant LANs shall be extended ta3R&T SGLTADPE. The ADPE
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Subsystems for the USS, TTCS, and PMMS shall be capable of operating the respective
subsystems of the SGLT in a stand-alone mode, using local databases. The TOCC shall
include redundant workstations required to meet the operational availability as defined
in Section 13.4.

Each SGLT shall be capable of simultaneously providing four single access (SA) forward and
return user communications services and corresponding tracking services. Two ESLUTs

Ground-Terminalat each Danzante and Cacigsigall eachbe capable ofimultaneously
providing eentainrone MA forward and five MA return user communications services gnd
corresponding tracking serviceshe GRGT SGLT shall be capabdd simultaneouslyproviding
oneMA forward andtwo MA return usercommunications services and correspondiagking
services. An MA capability shall not be provided for the third SGL#—each-_at
DanzantesSround-TFerminal. Any requirements within this Specification pertaining to an NMA
capability shall not be applicable to the third SGifIDanzante

The four single access forward and return equipment chains of the USS shall be independent of
each other. The two SSA forward service chains shall be identical in equipment and functional,
performance, and operational capabilities. The two SSA return service chains shall likewise be
identical. The two KSA forward service chains shall be identical in equipment and functional,
performance, and operational capabilities. The two KSA return service chains shall likewise be
identical. The redundant service chains shall be identical to the corresponding prime service
chains. There shall be an independent prime and redundant service chain for each of the four
single access forward and return services.

5.0.2 SGLT Functional Requirements
The SGLT subsystem functional requirements are specified below.
a. Antenna Subsystem. The antenna subsystem shall:

1. Receive and amplify dual polarization, return user service signals and TDRS
telemetry/ranging RF signals.

2. Acquire and track an assigned TDRS.
3. Adjust the polarization orientation to match the TDRS transmitted signal.

4. Transmit forward user service signals, TDRS command/ranging signals, and an RF
pilot signal to the TDRS.

5. Receive control commands from CDCN, monitor performance, and report status to
CDCN.

b. User Services Subsystem (USS). For the user service capabilities defined in Table 5-1,
the USS shall:

1. Process data received from the DIS and transmit to the user spacecraft, via an
assigned TDRS.
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2. Process to baseband the received user spacecraft originated data (e.g., user
spacecraft telemetry, payload data, video) via the assigned TDRS, and deliver that
data to the DIS.

3. Provide measurements of two-way range and one-way or two-way Doppler,
between the user spacecraft and the SGLT, and transmit the measurement data to
the CDCN.

4. Receive control commands from the CDCN, monitor USS performance and report
status to CDCN.

Table 5-1. SGLT User Service Capabilities

USER SERVICE SERVICE SERVICES
SERVICE FUNCTION TYPE PER SGLT
FORWARD DATA RELAY S-BAND 2
TO USER SINGLE ACCESS (SSA-1F, SSA-2F)
SPACECRAFT (SSAF)
FORWARD DATA RELAY K-BAND 2
TO USER SINGLE ACCESS (KSA-1F, KSA-2F)
SPACECRAFT (KSAF)
FORWARD DATA RELAY S-BAND SHUTTLE o1
TO SHUTTLE (SSHF)
FORWARD DATA RELAY K-BAND SHUTTLE 22
TO SHUTTLE (KSHF)
RETURN DATA RELAY S-BAND 2
FROM USER SINGLE ACCESS (SSA-1R, SSA-2R)
SPACECRAFT (SSAR)
RETURN DATA RELAY K-BAND 2
FROM USER SINGLE ACCESS (KSA-1R, KSA-2R)
SPACECRAFT (KSAR)
RETURN DATA RELAY S-BAND o1
FROM SHUTTLE
SHUTTLE (SSHR)
RETURN DATA/T.V. RELAY K-BAND 22
FROM SHUTTLE
SHUTTLE (KSHR)
TRACKING USER SPACECRAFT ONE-WAY OR 4
RANGE-RATE TWO-WAY DOPPLER (2 SSA, 2 KSA)
TRACKING USER SPACECRAFT 4
RANGE (2 SSA, 2 KSA)
TRACKING TIME TRANSFER 4
(2 SSA, 2 KSA)
NOTES
1EACH S-BAND SHUTTLE SERVICE SHALL BE IN LIEU OF A NORMAL SSA SERVICE.
2EACH K-BAND SHUTTLE SERVICE SHALL BE IN LIEU OF A NORMAL KSA SERVICE.
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c. Ku-band Tracking, Telemetry, and Command Subsystem (TTCS). For an assigned
TDRS, the SGLT TTCS shall:

1. Maintain the health and welfare of an assigned TDRS by stationkeeping operations,
attitude control, and spacecraft and payload configuration management.

2. Support control of TDRS space-ground link antenna pointing.

Support control of SGLT antenna pointing and polarization.

4. Support command of TDRS SA antenna pointing, forward link EIRP, frequency
tuning, and SA antenna polarization.

5. Perform baseband-to-RF command signal processing.

6. Perform RF-to-baseband telemetry signal processing.

7. Generate and transmit pilot signal.

8. Receive control commands from the CDCN, monitor performance, and report

status to the CDCN.
d. Performance Measuring and Monitoring Subsystem (PMMS). The PMMS shall:
1. Test forward and return USS services chain performance and readiness.
2. Inject and extract test signals at both baseband and RF.

3. Receive control commands from the CDCN, monitor performance, and report
status to CDCN.

4. Support first level maintenance of the Ground Terminal.
5. Support USS service chains in the warm-standby mode.

6. Provide fault detection apriori information and other appropriate information for
the MTG.

7. Monitor RF spectra.

8. Support measurement of SGLT transit delay for range zero set and for return data
delay.

e. Control and Display Computer Network (CDCN). The CDCN shall:

1. Perform the necessary processing and control the antenna subsystem, USS, TTCS,
and PMMS configurations and operations in response to the schedule of user
services supplied by the NCC.

2. Receive user spacecraft tracking data measurements and time transfer
measurements from the USS, format them into the Tracking Data Messages
(TDMs) and Time Transfer Messages (TTMs) and provide them to the DIS.
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3. Format USS status messages and user operations messages for relay to the NCC via
the DIS.

4. Support TDRS operations by generating commands for stationkeeping, attitude
control, and spacecraft and payload control.

5. Process and display TDRS telemetry to monitor TDRS status and performance.
6. Perform TDRS orbit determination calculations.

7. Provide for logging and delogging of TDRS commands, TDRS command echoes,
TDRS telemetry, user service performance, and equipment status.

8. Manage SGLT failover.

5.0.3 SGLT Performance Requirements

The SGLT performance requirements are as follows.

5.0.3.1 Antenna Subsystem Performance Requirements

The RF and tracking performance requirements of the antenna subsystem are specified in
Section 5.1.3.

5.0.3.2 USS Performance Requirements

The performance requirements for the USS are specified in the following sections.
a. SSA and KSA Forward Service - Section 5.2.1.3.
b. SSA and KSA Return Service - Section 5.2.2.3.
c. USS Tracking Service - Section 5.2.3.3.

5.0.3.2.1 Forward Services

The effective isotropic radiated power (EIRP), RF bandpass characteristics, RF and modulation
distortion limits, and phase noise limits for SSA and KSA forward services are specified in
Section 5.1.3 and Section 5.2.1.3.

5.0.3.2.2 Return Services

The Antenna Subsystem gain-to-noise temperature (G/T) ratio, probability of effas(R
function of carrier-to-noise ratio spectral density (gJNime to acquire the return signal,
bandpass characteristics, RF and baseband distortion limits, and phase noise limits for the SSA
and KSA return services are specified in Sections 5.1.3 and 5.2.2.3.

5.0.3.2.3 Tracking Services

The range and Doppler measurement error requirements, are specified in Section 5.2.3.3. Short
term frequency stability and phase noise performance of the Common Time and Frequency
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Standard (CTFS), which impact the accuracy of range and Doppler measurements, are specified
in Section 7.3.

5.0.3.3 TDRS Tracking, Telemetry and Command

The performance requirements for the TTCS are specified in Section 5.3.3 in terms of

modulation parameters and RF performance for the command, ranging and pilot signals
transmitted from the SGLT to the TDRS. In addition, telemetry and ranging signals transmitted

from the TDRS to the SGLT are specified in terms of the RF parameters, demodulated telemetry
subcarrier and range tone signal-to-noise ratios, and telemetry data bit P

5.0.3.4 PMMS Performance Requirements

The performance requirements for the PMMS are specified in Section 5.4.3.

5.0.3.5 CDCN Performance Requirements

The performance requirements for the CDCN are specified in Section 5.5.

5.0.4 Interface Requirements

Each SGLT shall interface with the CTFS, DIS, and ICS. Each SGLT shall also interface with
an assigned TDRS.

5.0.4.1 SGLT - CTFS Interfaces

Each SGLT shall interface with the CTFS to receive frequency and time standards distributed by
the CTFS.

5.0.4.2 SGLT - DIS Interfaces
Each SGLT shall have the following interfaces with the DIS:

a. USS - DIS Interfaces. Each SGLT shall have interfaces with the DIS for the following
signals:

1. User data and clock for SSA and KSA return services.

2. Shuttle Ku-band return video/analog sigiizdnzante and Cacique only)

3. User data and clock for SSA and KSA forward service.

b. CDCN - DIS Interfaces. Each SGLT shall have CDCN interfaces with the DIS for the
receipt of user service schedules and acquisition data from the NCC and delivery of
equipment status, Operations Data Messages (ODMs), TTMs, and schedule
acknowledgments to the NCC, and TDMs to the FDF, JSC and the Local Interface (LI).

c. TTCS - DIS Interfaces. Each SGLT shall have an interface between the TTCS and the
DIS for:
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1. TDRS command data transmitted to a remote ground tracking station.

2. TDRS telemetry data received from a remote ground tracking station.

5.0.4.3 SGLT-ICS Interfaces

The SGLT will interface with the ICS via the DIS secure switch as specified in Section 8. Voice,
teletype, and facsimile (FAX) communications will be received and transmitted. No TDMs,
ODMs, Operational Messages (OPMs), or status messages shall be transmitted via the ICS.

5.0.4.4 SGLT-TDRS Interfaces
Each SGLT shall interface with an assigned TDRS.

a. The RF and data characteristics for forward (uplink) services and for return (downlink)
services at the SGLT-TDRS interface are specified in Section 5.2. The TDRS
telemetry, command and range signal characteristics are specified in Section 5.3.

b. The SGLT-TDRS F1-F6 interface is described in STDN 220.29, TDRSS
Spacecraft/Ground Segment ICD. The SGLT-TDRS F7 interface is described in 405-
F7-1CD-001, TDRS F7 Interface Control Document for the TDRS Spacecraft/Ground
Segment.

5.0.5 SGLT Operations

This section specifies the SGLT operations requirements, modes of operation and operational
support.

5.0.5.1 Operations Requirements

The SGLT shall operate as an integral part of the WSC Ground Terminal to meet the specified
Ground Terminal operational availability requirement specified in Section 13.4 for each of its
forward and return SSA and KSA telecommunications support services. The key features of
SGLT operations are:

a. The SGLT shall receive schedule and operations messages from the NCC and shall
report SGLT status and performance to the NCC in accordance with 405-TDRS-RP-
ICD-001.

b. SGLT Ku-band TT&C operational control of the TDRS shall be independent of USS
operational control, e.g., a failure in the USS shall not have any impact on SGLT
capability to control a TDRS.

c. In the normal mode of operation, the CDCN shall automatically control SGLT
operations. When the normal mode of operation cannot be sustained, SGLT operations
control shall be performed at the TOCC. In the event that operations control cannot be
sustained by the TOCC, operations shall be performed at local control consoles by the
intervention of WSC operations personnel.
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d. In the case of TDRS Emergency Time Out (ETO), the S-band TT&C shall provide
TDRS TT&C and-Ku-band-TT&Gacquisition support.

e. The provision of USS pre-service readiness testing, during-service measuring and
monitoring, and post-maintenance validation testing by the PMMS.

f. The provision of failsoft features using hardware redundancy with failover initiated
automatically or by TOCC operators.

5.0.5.2 Modes of Operation
5.0.5.2.1 Normal Mode

In the normal mode of operation, each SGLT independently shall:

a. Under control of the USS ADPE subsystem, automatically configure for and provide
real-time processing (e.g., Doppler compensation) for the operation of forward, return,
and tracking services in response to schedule and operations messages from the NCC.

b. Under control of the Ku-band TT&C ADPE subsystem, automatically configure and
provide TDRS support in accordance with schedule and operations messages from the
NCC.

c. Under control of the PMMS ADPE subsystem, configure for and conduct pre-service,
post-maintenance, and other testing and monitoring.

d. Automatically report SGLT and TDRS status and performance to NCC.
e. Log, archive, and delog SGLT and TDRS status and performance.
f.  Monitor the support operations from the TOCC workstations.

g. Maintain continuity of service by failover to redundant equipment, either automatically
or under control of the TOCC operator.

5.0.5.2.2 TOCC Control Mode

In the TOCC mode of operation, the control of the SGLT shall be assumed by the SGLT
operators in the TOCC as a result of operator intervention. Assumption of control of the SGLT
by TOCC operators shall be at the discretion of the operator, subject to established operational
procedures. In the TOCC operating mode, the SGLT shall, under the control of the operators:

a. Be configured for and provide user and TDRS support.
b. Perform pre-service and post-maintenance and other testing.
c. Log, archive, and delog SGLT and TDRS status and performance.

d. Receive schedule and operations orders from NCC or POCC by voice or other available
communications media.
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e. Monitor the support operations from the TOCC workstations.

f.  Maintain continuity of service by failover to redundant equipment.

5.0.5.2.3 Local Control Mode

The local control mode shall be invoked in the event of an SGLT failure which makes TOCC
control and monitoring ineffective. In the local control mode, the SGLT operators shall control
and monitor the individual SGLT subsystems from the consoles of the respective ADPE
subsystems. The SGLT shall perform the operations specified in Section 4.5.2.c.

5.0.5.3 Operations Support Concept
The operation of the SGLT shall be supported by:

a. Perfomance measuring and monitoring operations performed by the PMMS, the
Performance Measuring and Monitoring (PMM) ADPE Subsystem, and the PMMS
workstation in the TOCC. Pre-service testing to support up to two forward and up to
two return SA service chains simultaneously is required. Pre-service testing shall be
accomplished during the three-minute interservice period on a user priority, resources-
available basis. For all PMMS functions which compete for the same PMMS resources,
the priority for use shall be established by the PMMS operator at the PMMS
workstation in the TOCC.

b. The SGLT portion of the MTG, including BIT/BITE capability within the SGLT
Subsystem, shall contribute to meeting the specified operational availability.

5.1 Antenna Subsystem (AS)

5.1.1 Overview and Architecture

This section provides an overview and architecture of the SGLT Antenna Subsystem.

5.1.1.1 Overview

The Antenna Subsystem shall support the space/ground link (SGL) between the SGLT and the
assigned TDRS by providing the following capabilities:

a. Transmission of forward user service signals to TDRS.

b. Transmission of TDRS command and range uplink to TDRS.

c. Transmission of pilot signal to TDRS.

d. Reception and amplification of return user service signals from TDRS.

e. Reception and amplification for TDRS telemetry and range downlink from TDRS.

The TDRS F1-F6 SGL RF interface shall be as specified in STDN 220.29. The TDRS F7 SGL
RF interface shall be as specified in 405-F7-ICD-001. Functional, performance, interface, and
operational requirements are specified in Sections 5.1.2, 5.1.3, 5.1.4, and 5.1.5, respectively.
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5.1.1.2 Architecture

Figure 5-2 is the Antenna Subsystem reference architecture. The following architectural
requirements shall apply:

a. There shall be one-for-two redundancy of khebandLNAs in the receive Antenn4
Subsystem equipment chain.

b. A Local Control Panel shall be provided to support local control capability.

c. A Remote Control Box located near the antenna structure shall be provided for limited
antenna control capability (Section 5.1.3.5.6).

d. Antenna Subsystem control and monitoring shall be performed via the Antenna Control
Unit (ACU) either by the TT&C ADPE Subsystem or by the Local Control Panel.

e. An auxiliary drive system shall be provided for operating the antenna if the main drive
system becomes inoperati{fi2anzante and Caciqualy).

5.1.2 Functional Requirements
The Antenna Subsystem shall perform the following functions.
a. Transmitto TDRS. The Antenna Subsystem shall:
1. Receive from the USS RF Power Combiner the following signals:

(a) KSA-1F Service.
(b) KSA-2F Service.
(c) SSA-1F Service.
(d) SSA-2F Service.
(e) TTCS Command Uplink (Command or Command and Range).
() Pilot Tone.

2. Transmit to the assigned TDRS a frequency division multiplexed signal consisting
of the signals specified in Item a.1.

b. Receive from TDRS. The Antenna Subsystem shall:
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1. Receive and amplify a frequency division multiplexed signal from the assigned
TDRS on one linear polarization, referred to as the composite link, consisting of

the following signals:

(a) KSA-2R.

(b) SSA-1R.

(c) SSA-2R.

(d) TDRS Telemetry Downlink (Telemetry or Telemetry and Range).

2. Receive and amplify the KSA-1R service signal from the assigned TDRS, referred
to as the dedicated link, on the orthogonal polarization to that of the composite link.

c. Control. The Antenna Subsystem shall:
1. Provide SGLT Ku-band antenna pointing to the assigned TDRS.
2. Provide antenna tracking of the assigned TDRS.
3. Provide polarization alignment capability.
4. Provide switching among redundant LNASs.

d. Monitoring. The Antenna Subsystem shall:

1. Provide antenna pointing and polarization angle readouts to the Local Control
Panel and to the TT&C ADPE Subsystem.

2. Provide control mode indication and equipment status to the Local Control Panel
and to the TT&C ADPE Subsystem.

3. Provide the capability to permit PMMS signal injection and monitoring at the
transmit/receive feed flange.

5.1.3 Performance Requirements

5.1.3.1 RF Characteristics

The specified performance below shall be achieved while simultaneously transmitting and
receiving.
a. The required transmit and receive RF characteristics shall be as specified in Tables 5-2

and 5-3, respectively. The following regions shall be exempted from the sidelobe
requirements for the Danzante Ground Terminalt5® from each subreflector support

spar plane.
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Table 5-2. Transmit RF Characteristics

A. OPERATING FREQUENCY BAND 14.60 TO 15.225 GHz
B. EIRP (MINIMUM INCLUDING
TRACKING LOSS)
«A. DANZANTE
__1. KSA 75.9 dBW
2. SSA 71.1 dBW
___3. COMMAND APPENDIX A
4. PILOT APPENDIX A
5. MA 64.1 dBW
*B. CACIQUE
1. KSA 73.5 dBW
2. SSA 71.1 dBW
__3. MA 64.1 dBW
4. COMMAND ADJUSTABLE IN AT LEAST TEN DISCRETE
5. PILOT STEPS FROM 54 dBW to 83 dBW
ADJUSTABLE IN AT LEAST THIRTY DISCRETE
STEPS FROM 54 dBW to 83 dBW
*B. GRGT
1. KSA 75.9 dBW
2. SSA 71.1 dBW
3. MA 64.1 dBW
4. COMMAND ADJUSTABLE IN AT LEAST TEN DISCRETE
STEPS FROM 59.0 TO 84.0 dBW
5. PILOT ADJUSTABLE IN AT LEAST THIRTY DISCRETE
STEPS FROM 59.0 TO 84.0 dBW
C. TRANSMIT GAIN (AT FEED PORT) 66-5-dBL-MINIMUM-OVER THE- TRANSMITBAND
«A DANZANTE AND CACIQUE 66.5 dBi. MINIMUM OVER THE TRANSMIT BAND
*B. GRGT 61.6 dBi, MINIMUM OVER THE TRANSMIT BAND
D. SIDELOBE PATTERN
___«A}. DANZANTE! G < 29-25 log106_dBi, 1° < 0 < 36.4°
G < -10.dBi, 36.4° <6< 180°
WHERE G IS THE GAIN (IN dB), AT ANY
FREQUENCY IN THE SPECIFIED FREQUENCY
BAND, OF THE SIDELOBE ENVELOPE
RELATIVE TO AN ISOTROPIC ANTENNA, AND 8
IS THE OFF-BORESIGHT ANGLE IN DEGREES.
*B2. CACIQUE G < -16 dB RELATIVE TO THE MAIN LOBE
___«C. GRGT! G <29-2510Gy0 6 1°<0<7°
G <-10 dBi 7°<09<180°
WHERE G IS THE GAIN (IN dBi), AT ANY
FREQUENCY IN THE SPECIFIED FREQUENCY
BAND. AND 6 IS THE OFF-BORESIGHT ANGLE
IN DEGREES.
E. POLARIZATION LINEAR, VERTICAL, VARIABLE, * 90°
F. POLARIZATION ALIGNMENT +1° WITH RESPECT TO THE RECEIVE

ACCURACY

VERTICAL POLARIZATION
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Table 5-2. Transmit RF Characteristics (continued)

NOTE

1AT ANY FREQUENCY IN THE SPECIFIED BAND, NO SIDELOBE PEAK SHALL EXCEED THIS
BOUND BY MORE THAN 3 dB. NO MORE THAN 10% OF THE SIDELOBE PEAKS SHALL EXCEED
THE SPECIFIED BOUND._REGIONS WITHIN +15° FROM EACH SUBREFLECTOR SUPPORT SPAR
ARE EXEMPT FROM SIDELOBE LIMITATIONS.

Table 5-3. Receive RF Characteristics

A. OPERATING FREQUENCY BAND 13.402 TO 14.062 GHz
B. G/T! 40.3-gB/K-MINIMUM-OVER THE RECEIVE
BAND
«A. DANZANTE AND CACIOUE 40.3 dB/°K, MINIMUM OVER THE RECEIVE
. BAND
sB. GRGT
36.3 dB/°K, MINIMUM OVER THE RECEIVE
BAND
C. SIDELOBE PATTERN
__«At. DANZANTEZ2 G<29-25log100dBi, _ 1°<6<36.4°
G <-10dBi, 36.4° < 0 < 180°

WHERE G IS THE GAIN (IN dB), AT ANY
FREQUENCY IN THE SPECIFIED FREQUENCY
BAND, OF THE SIDELOBE ENVELOPE
RELATIVE TO AN ISOTROPIC ANTENNA, AND
0 1S THE OFF-BORESIGHT ANGLE IN

DEGREES.

___+B2. CACIQUE G <-16 dB RELATIVE TO THE MAIN LOBE.
«C. GRGT? G <29-25 L OG0 dBi 1° <09 <7°

G <-10 dBi 7°<9<180°

WHERE G IS THE GAIN (IN dBi), AT ANY
FREQUENCY IN THE SPECIFIED FREQUENCY
BAND, AND 6 IS THE OFF-BORESIGHT ANGLE

IN DEGREES.
D. POLARIZATION LINEAR, VERTICAL AND HORIZONTAL
OUTPUTS
1. POLARIZATION 1 VERTICAL, DEDICATED KSA
2. POLARIZATION 2 HORIZONTAL, COMPOSITE SIGNAL

INCLUDING SSA-1 AND SSA-2, ONE KSA
CHANNEL AND THE TT&C CHANNELS

POLARIZATION ISOLATION 30 dB MINIMUM

F. POLARIZATION ORIENTATION +90° FROM LOCAL VERTICAL, ORIENTATION
OF BOTH POLARIZATIONS SHALL BE
ALIGNED SIMULTANEOUSLY.

G. POLARIZATION ALIGNMENT POLARIZATION 1, + 1° WITH RESPECT TO THE
ACCURACY TDRS POLARIZATION 1 TRANSMITTED
SIGNAL.
8 December 1995 5-15 405-TDRS-RP-SY-011

CCR-405-SY011-01/November 1997 Original



Table 5-3. Receive RF Characteristicsm (Continued)

NOTES

1THE SPECIFIED G/T PERFORMANCE (CLEAR SKY) SHALL INCLUDE TRACKING LOSS (AT
ELEVATION ANGLES OF 5° OVER THE LOCAL HORIZON AND WHENEVER THE SUN IS + 1° OR
GREATER OFF THE ANTENNA BORESIGHT) AND SHALL INCLUDE THE TOTAL CONTRIBUTION
FROM THE LNA, ASSOCIATED WAVEGUIDE SWITCHES, COUPLERS AND OUTPUT
WAVEGUIDES.

2AT ANY FREQUENCY IN THE SPECIFIED BAND, NO SIDELOBE PEAK SHALL EXCEED THIS
BOUND BY MORE THAN 3 dB. NO MORE THAN 10% OF THE SIDELOBE PEAKS SHALL EXCEED
THE SPECIFIED BOUND.__REGIONS WITHIN +15° FROM EACH SUBREFLECTOR SUPPORT
SPAR ARE EXEMPT FROM SIDELOBE LIMITATIONS.

3POLARIZATION ISOLATION REQUIREMENT APPLIES TO PORTS 1 AND 2 (FIGURE 5-2) FOR
ALL POSSIBLE POLARIZATION ORIENTATIONS. POLARIZATION ISOLATION FOR PORT 1 IS
DEFINED AS THE RATIO OF THE POWER RECEIVED AT PORT 1 (EXCITED PORT) TO THAT
RECEIVED AT THE ORTHOGONAL (PERPENDICULAR) PORT 2 WHEN AN ELECTROMAGNETIC
WAVE (SIGNAL) WITH A PERFECTLY LINEAR POLARIZATION AND PERFECT ALIGNMENT WITH
PORT 1 POLARIZATION IS INCIDENT ON THE ANTENNA APERTURE. POLARIZATION
ISOLATION FOR PORT 2 IS DEFINED AS THE RATIO OF THE POWER RECEIVED AT PORT 2 TO
THAT RECEIVED AT THE ORTHOGONAL PORT 1 WHEN AN ELECTROMAGNETIC WAVE WITH
PERFECTLY LINEAR POLARIZATION AND PERFECTLY ORTHOGONAL TO THE POLARIZATION
OF THE WAVE DEFINED ABOVE IS INCIDENT ON THE ANTENNA APERTURE.

ATHE G/T AT GRGT INCLUDES 0.8 dB LOSS THROUGH A RADOME.

b. The Antenna Subsystem, in conjunction with the USS forward service equipment, shall
satisfy the additional performance requirements of Tables 5-9 (SSA) and 5-14 (KSA).

c. The Antenna Subsystem, in conjunction with the USS return service equipment, shall
satisfy the additional performance requirements of Sections 5.2.2.3.1.6 (SSA) and

5.2.2.3.2.6 (KSA).

d. The Antenna Subsystem, in conjunction with the TTCS uplink equipment, shall satisfy
the additional performance requirements of Sections 5.3.3.1 (command uplink) and

5.3.3.4 (pilot signal).

e. The Antenna Subsystem, in conjunction with the TTCS downlink equipment, shall
satisfy the additional performance requirements of Sections 5.3.3.2.2 (equipment

characteristics) and 5.3.3.7 (telemetry data demodulation/detection).

5.1.3.2 Polarization Control

To achieve the polarization performance requirements of Section 5.1.3.1, the following

polarization control requirements shall apply:

a. Polarization Alignment.

1. Type Mechanical rotation of
polarizer.
2. Rotation range + 90° (minimum).
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3. Slew rate 0.9second (minimum).

Rotation accuracy + 1. (3 sigma)

relative to command angle.
Readout resolution <1.0.
Readout accuracy + 0.5 relative to actual polarization

angle not including readout resolution.
b. Modes Of Operation.
1. TOCCManualControl(Danzante and Cacigue only)

2. Local control via the Local Control Panel.

5.1.3.3 Isolation

a. Transmit/Receive Signal Isolation. The Antenna Subsystem, in conjunction with the
USS, shall provide an RF transmit signal such that the combined power of all
interference signals introduced by this signal into the antenna receive feed is more than
12 dB below the received desired power corresponding®qidbability of error.

b. <A. Danzante/GRGT

Ku-band Transmit/Receive Feed Isolation. TKa-bandtransmit feed port to eithe
Ku-bandreceive feed port isolation shall be 35 dB minimum at any frequency in the
operating bands.

*B. Cacique

Ku-band TransmiReceive Feedsolation The Kuband transmit feed poib either Ku-
band receive feed porsolation shallbe 25 dB minimum at any fregocy in the
operating bands.

-

5.1.3.4 Mechanical Characteristics

Table 5-4 specifies the required Antenna Subsystem mechanical characteristics.
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Table 5-4. Mechanical Characteristics

AXIS CONFIGURATION

ELEVATION OVER AZIMUTH

ANGULAR COVERAGE
*A. DANZANTE/CACIQUE

1. AZIMUTH
2. ELEVATION

*B. GRGT

1. AZIMUTH

2. ELEVATION

+90° (DEAD ZONE NORTH)
0° TO + 92°

+180°
0°TO 92°

. ANGULAR DYNAMIC CAPABILITY

(EACH AXIS)
1. ANGULAR VELOCITY
2. ANGULAR ACCELERATION

0.002°/SEC TO 0.5°/SEC
0.5°/SEC2

. WINDS

*A. DANZANTE/CACIQUE

1. SURVIVAL - ANY POSITION
2. SURVIVAL - STOW POSITION

*B. GRGT

1. SURVIVAL - ANY POSITION

UP TO 130 km/HOUR
UP TO 193 km/HOUR

A RADOME SHALL BE PROVIDED AT THE
GRGT AND SHALL BE TYPHOON RATED TO
200 MPH WINDS.

MAINTAIN NORMAL OPERATION
WITHOUT DEGRADATION IN
FOLLOWING ENVIRONMENT:

1. AMBIENT TEMPERATURE
2. RELATIVE HUMIDITY
3. PRECIPITATION

4. SOLAR RADIATION

5. SAND AND DUST

+10°FTO +130° F
2 TO 100% WITH PRECIPITATION

RAIN 4"/HOUR; THUNDERSTORMS,
OCCASIONAL LIGHT SNOW AND ICE.
OCCASIONAL HAILUP TO 1 INCH IN
DIAMETER.

300 BTU/SQ. FT./HR. THE ACCURACIES
SPECIFIED HEREIN SHALL INCLUDE AN
ALLOWANCE FOR THE EFFECTS OF
DIFFERENTIAL HEATING.

BLOWN SAND AND DUST, SOUTHWESTERN

DESERT REGION CATEGORY.
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Table 5-4. Mechanical Characteristics (Continued)

F. MAXIMUM SURFACE ERROR
*A. DANZANTE

__1. WINDS UP TO 48 km/HR
WITH 72 km/HR GUSTS.

2. WINDS UP TO 72 km/HR
WITH 96 km/HR GUSTS.

*B. CACIQUE

WINDS UP TO 48 km/HR WITH 62
km/HR GUSTS

C. GRGT

/D < 4.4 x 109 WHERE ¢ = RMS
SURFACE ERROR RELATIVE TO THE
BEST FIT DESIGN SHAPE AND D =
REFLECTOR DIAMETER.

e/D<6.6x107° |

g/D <9.2. x 10> WHERE & = RMS SURFACE
ERROR RELATIVE TO THE BEST FIT DESIGN
SHAPE AND D = REFLECTOR DIAMETER.-

e/D <4.4x10°

G. COUNTERBALANCE

COUNTERBALANCED ABOUT THE
ELEVATION AXIS TO THE EXTENT THAT
RELEASE OF THE BRAKES UNDER NO-WIND
CONDITIONS SHALL NOT RESULT

IN MOVEMENT OF THE ANTENNA FROM ANY
ELEVATION ANGLE.

H. DRY AIR SYSTEM

AN AUTOMATIC DRY AIR SYSTEM SHALL
BE PROVIDED FOR SERVING THE FEED
ASSEMBLY AND THE TRANSMIT AND
RECEIVE WAVEGUIDE RUNS.

. CORROSION PREVENTION
*A. DANZANTE

*B. CACIQUE/GRGT

THE REFLECTOR, BACKSTRUCTURE AND
SUBREFLECTOR SUPPORT SHALL BE
ALUMINUM WITH STAINLESS STEEL
HARDWARE. THE REFLECTOR PANELS
SHALL BE PROTECTED SO THAT THEY WILL
NOT REQUIRE REFINISHING FOR THE LIFE
OF THE ANTENNA. STEEL STRUCTURES
SHALL BE GALVANIZED WHERE PRACTICAL.
STEEL MEMBERS TOO LARGE TO GALVANIZE
SHALL BE PROTECTED IN A MANNER THAT
WILL MINIMIZE THE NEED FOR REFINISHING.

THE REFLECTOR BACKSTRUCTURE SHALL
BE PAINTED WHERE REQUIRED TO PREVENT
CORROSION.
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Table 5-4. Mechanical Characteristics (Continued)

J. LIGHTNING PROTECTION THE ANTENNA SHALL BE PROTECTED FROM
LIGHTNING DAMAGE THROUGH GROUNDING
CONNECTIONS TO THE SITE GROUNDING
SYSTEM.
K. RADOME (GRGT ONLY) THE ANTENNA SHALL BE OPERATED IN AN
ENVIRONMENTALLY CONTROLLED RADOME
1. AMBIENT TEMPERATURE (WITHIN +10°FTO +85° F
RADOME)
2. RELATIVE HUMIDITY (WITHIN 2 TO 50% WITH PRECIPITATION
RADOME)

5.1.3.5 Antenna Pointing and Tracking

The Antenna Subsystem shall be capable of supporting and operating under the following
pointing and tracking modes:

a. Open Loop ADPE Control.
b. Program Spatial Scan.
c. Autotrack.

d. <A. Danzante/Cacique

Local Control Panel and TOCC Manual Control.

*B. GRGT

Local Control Panel

e. Hand Crank.
f. Remote Control Box Control.
The pointing and tracking performance specified below shall be achieved in support of the TDRS
with a geosynchronous orbit inclination of up fo 7
5.1.3.5.1 Open Loop ADPE Control
a. The Antenna Subsystem shall be capable of receiving and processing azimuth and
elevation pointing commands from the TT&C ADPE Subsystem.

b. Open loop pointing error is a measure of pointing accuracy and is defined to be the
space angle (3-sigma) difference between the Ku-band TT&C ADPE-generated antenna
pointing command vector (in terms of azimuth and elevation) and the position of the
antenna Ku-band RF boresight axis (reference EIA standard RS-411, Section 4.1). For
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antenna elevation angles greater tharadd less than 80the antenna subsystem in
response to azimuth and elevation commands provided by the Ku-band TT&C ADPE
Subsystem, shall provide the following pointing accuracies:

1. A Danzante

Pointing error during <0.02
sustainedi.e., fastest mile -

EIA RS-411) winds of up

to 48 km/hr with 72 km/hr gust.

1. Ku-band <0.0Z

*B. Cacique

Pointing error during (i.e., fastest
mile - EIA RS-411) sustained
winds up to48 kmhr with

62 kmhr gust.

1. Ku-band <0.02
C. GRGT
1. Ku-band <0.0Z
2. Danzante

Pointing error during sustained <0.02%
winds of 72 km/hr with
96 km/hr gust.

1. Ku-band < 0.025

5.1.3.5.2 Program Spatial Scan

a. Under control from the TT&C ADPE Subsystem, the Antenna Subsystem shall support
search programs to locate the TDRS position.

b. Upon detecting a usable signal, the TT&C ADPE Subsystem shall initiate Autotrack
mode.
5.1.3.5.3 Autotrack Mode

a. The Antenna Subsystem shall be capable of tracking either the telemetry signal for a
monopulse autotrack implementation, or total received power for a step-track autotrack
implementation.

b. In the autotrack (closed loop) mode, pointing error is defined as the space angle
difference between the position of the TDRS and the position of the antenna K-bgnd RF
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boresight axis. For antenna elevation angles greater thanddless than 80the
3-sigma autotrack pointing error (tracking error) shall be as specified below:

1. eA. Danzante

____Pointing error during sustained <0.0r
(i.e., fastest mile - EIA RS-411)
winds of up to 48 km/hr with
72 km/hr gust.

*B. Cacique

Pointing error during
(i.e., fastest mile -EIA RS-411)
winds of up to 48 km/hwith

62 km/hr gust. <0.0r
C. GRGT
Pointing error <0.0r

2. A Danzante

Pointing error during sustained <0.01%
winds of 72 km/hr with
96 km/hr gust.

*B. Cacique

Pointingerrorduringsustained <0.03
winds of 56 km/hr with
72 km/hr with gust

Upon loss of a usable signal, or when the rate of change of signal exceeds a threshold,
the antenna control shall revert to the Open Loop ADPE Control mode.

The antenna shall maintain tracking under 10 dB fades due to rain or other

environmental causes. Protective circuits and logic shall be provided to recognize
fading. Received signal level and rate of change of signal level shall be simultaneously
monitored and appropriate circuitry shall place the antenna in the ADPE Control mode

prior to loss of signal required to support autotrack.

5.1.3.5.4 Local and TOCC Control

Manual controls shall be provided both at the Local Control Panel and at the (D@6£ante
and Caciquenly) for moving and positioning the antenna. The following performance shal

apply:

a. Velocity Control. Hand operated controls shall be provided for moving the antenna at
any rate over the range specified in Table 5-4, Item c. These controls shall have a dead
band position such that when the velocity control mode is selected, the antenna is not
moved when the controls are in their dead band position.
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b. Position Control. Hand controls shall be provided for positioning the antenna to a
resolution of 0.00%, both axes. When the position control mode is selected, the antenna
shall not deviate more than 0°0ftom the selected position.

5.1.3.5.5 Hand Crank

Hand cranks shall be provided for manually positioning the antenna in both azimuth and
elevation and shall be readily accessible and mounted at a convenient height for personnel use.
Positive interlocks shall be provided to prevent energizing the drive system during the use of the
manual drive.

5.1.3.5.6 Remote Control Box

A remote control box for controlling the antenna from the antenna assembly structure shall be
provided for maintenance purposes.

5.1.3.6 Auxiliary Drive _(Danzante and Cacigue Only)

One azimuth and one elevation auxiliary drive system shall be provided and shall achieve the
performance specified below.

a. 1. Danzante

The auxiliary drive shall be capable of providing an angular velocity of €4
for sustained winds up to 48 km/hr with 72 km/hr gusts.

2. Cacique

The auxiliary drive shall be capable of providing an angular velocity of3€d
during 26 mph sustained wind with 39 mph gusts.

b. The auxiliary drive shall be capable of positioning the antenna to within 0.00@&y
position desired.

5.1.3.7 Equipment and Performance Status Monitoring

a. The Antenna Subsystem shall provide the performance monitoring and measuring
capability specified in Table 5-5. All displays shall be available both at the Local
Control Paneland-atthe TOCCManual Control Panel (Danzante and Cacique only)
and the TT&C TOCC workstations, located at Danzante and Cacique only
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Table 5-5. Equipment And Performance Status Monitoring Requirements

A. AZIMUTH ANGLE READOUT (RESOLUTION OF 0.001°)

B. ELEVATION ANGLE READOUT (RESOLUTION OF 0.001°)
C. POLARIZATION ANGLE (RESOLUTION OF 1.0°)
D
E

. ADPE/MANUAL MODE
. 1. LOCAL MODE (POLARIZATION)-OCALTFOCCMODE
(POLARIZATION)
2. TOCC MANUAL MODE (POLARIZATION)
_(DANZANTE AND CACIQUE ONLY).
LNA CONFIGURATION
G. AUTOTRACK SIGNALS
1. AZIMUTH/ELEVATION ERROR SIGNALS (IF MONOPULSE)
2. POWER LEVEL (IF STEP-TRACK)
3. AUTOTRACK LOCK STATUS
H. EQUIPMENT PERFORMANCE STATUS
I.  EQUIPMENT CONFIGURATION STATUS

m

b. PMMS access to the forward link signal shall be provided as close to the antenna as
possible for "loop back" tests, delay measurements for range zero set and spectrum
analysis of the forward signal.

c. PMMS access to the return link signals shall be provided as close as possible to each
received signal port (polarization 1 and 2) to permit signal injection and monitoring of
test and "loop back" signals, and to provide spectrum analysis of the return signal.

d. Capability shall be provided to the PMMS to monitor the return signals after the output
switching of the LNAs (Figure 5-2).
e. Capability shall be provided as close to the antenna as possible, to monitor the forward
multiplexed signal after RF power combining and before the transmit feed.
5.1.4 Interface Requirements
The Antenna Subsystem interface requirements shall be as specified in Table 5-6.

5.1.5 Operational Requirements
The following operational requirements shall apply:

a. The Antenna Subsystem shall be available for operations on a continuous basis.
Periodic maintenance and lubrication shall be possible while the antenna is in use.

b. The antenna shall be capable of being operated from the following locations:
1. TOCC(Danzante and Cacique only).

2. Local Control Panel.
3. Hand Crank location (Hand Crank mode only).
4. Remote Control Box.
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Table 5-6. Antenna Subsystem Interface

FROM

TO

PARAMETER/SIGNAL

ANTENNA SUBSYSTEM

USS

DEDICATED KSA RETURN
LINK

COMPOSITE RETURN LINK

TT&C ADPE SUBSYSTEM

PARAMETERS SPECIFIED IN
TABLE 5-5

PMMS

PMMS LOOPBACK, RZS (RTN)
uUSsS ANTENNA SUBSYSTEM FDM UPLINK SIGNAL
TT&C ADPE SUBSYSTEM ANTENNA SUBSYSTEM AZIMUTH/ELEVATION

POINTING COMMANDS

EQUIPMENT
CONFIGURATION COMMAND
(E.G., LNA SWITCHING)

LOOPBACK, RZS (FWD)

c. The normal operating position shall be the TOCC TT&C workstation.

d. All operating modes (Section 5.1.3.5) shall be selectable from the TOCC and from the

Local Control Panel if the TOCC has relinquished control by manual override.

e. The normal antenna tracking mode shall be autotracking. In the event of signal loss, the

Open Loop ADPE Control mode shall automatically be enabled.

f.  Antenna operation in the specified environment shall be performed without the need for

heaters or seasonal change of lubricant.

5.2 User Service Subsystem (USS)

This section specifies the User Service Subsystem requirements. Forward service, return service,

and tracking service requirements are specified in turn.
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The subsystem specified below may process, store, transmit or otherwise handle classified data.
Therefore, the subsystem design shall meet the security requirements described in Second
TDRSS Ground Terminal Security Requirements, STDN No. 209. STDN No. 209 contains
requirements for computer security, emissions security, RED/BLACK engineering
communications security, and other security disciplines.

5.2.1 Forward Services

This section specifies USS requirements to support single access forward (SAF) user services
and to provide an interface with the multiple access forward (MAF) user service. The functional,
performance, and interface requirements are specified in Sections 5.2.1.2, 5.2.1.3, and 5.2.1.4,
respectively.

5.2.1.1 Overview and Architecture

This section provides an overview and architecture of the USS SAF equipment. S-band single
access forward (SSAF) equipment, K-band single access forward (KSAF) equipment, and the
equipment to provide an interface with the MAF service are specified in turn.

5.2.1.1.1 SSAF Overview and Architecture

The USS SSAF reference architecture is shown in Figure 5-3. Each of the two SSAF services
per SGLT shall be provided by independent equipment chains capable of processing user
forward service data from baseband to RF. The SSAF equipment chains shall also support range
and Doppler tracking services (Section 5.2.3).

The USS shall include the capability for continuously monitoring, and periodically reporting,
equipment status, service performance status, and the quality of SSAF user data. User data
guality assessment shall be accomplished by a dedicated set of equipment designated Data
Presence Monitors (DPMs).

For each of the SSA-1F and SSA-2F services, the SSAF USS ground equipment shall include

one prime equipment chain with a 100% redundant equipment chain. Each equipment chain

shall be capable of supporting a normal user service (SSAF) and a Shuttle user service (SSHF),
but not both simultaneously. Each such equipment chain shall be referred to as an SSAF service
chain. The SSAF service chains shall receive a data signal and clock signal from the DIS. The

following architectural requirements shall apply:

a. For each of the SSA-1F and SSA-2F services, the USS ground equipment shall include
one prime service chain with a 100% redundant service chain, the components of each
service chain shall each be dedicated to either the prime or the redundant SSAF service
chain, and shall not be interchanged between the service chains.

b. The SSA-1F and SSA-2F service chains shall be completely independent (i.e., SSA-1F
service chains (prime and redundant) shall not be interchanged with SSA-2F service
chains (prime and redundant)).
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c. SSA-1F service chains shall only be associated with SSA-1R service chains and not
with SSA-2R service chains; SSA-2F service chains shall only be associated with
SSA-2R service chains and not with SSA-1R service chains.

d. The selection of prime and redundant forward service chains shall be independent of the
selection of prime and redundant return service chains.

e. Each of the SSAF service chains shall be of identical design and shall be capable of
transmitting the output signals at the assigned carrier frequency (SSA-1F or SSA-2F).

f. Redundancy shall not be required for the Data Presence Monitors, and the input and
output switches.

g. Each SSAF service chain shall be configurable to receive baseband test signals from the
PMMS and to distribute RF output test signals to the PMMS.

5.2.1.1.2 KSAF Overview and Architectures

The USS KSAF reference architecture is shown in Figure 5-4. Each of the two KSAF services

per SGLT shall be provided by independent equipment chains capable of processing user
forward service data from baseband to RF. The KSAF equipment chains shall also support range
and Doppler tracking services (Section 5.2.3).

The USS shall include the capability for continuously monitoring and periodically reporting,
equipment status, service performance status, and the quality of KSAF user data. User data
guality assessment shall be accomplished by a dedicated set of equipment designated Dat